1 BICYCLIC AM DES FOR ENHANCI NG GLUTAMATERG C SYNAPTI C RESPONSES Fi el d of
the Invention 5 This invention relates to conpounds, pharmaceuti cal
conpositions and nethods for use in the prevention and treatnent of
cerebral insufficiency, including enhancenent of receptor functioning in
synapses in brain networks responsible for various behaviors. These brain
networks are involved in basic functions such as breathing, to nore conplex
functions such as nenory ?gﬁg:gg L 3 neuronal activities
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aspect, the invention relates tq ¢ ounds useful..for tre t of.
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treatment of such conditions, and methods of using these compounds for such treatment.
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Related Applications
This application claims the benefit of priority of provisional patent application serial number

US60/964,362, filed August 10, 2007 of identical title, the entire contents of which are
incorporated by reference herein.
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Background of the Invention

The release of glutamate at synapses at many sites in mammalian forebrain stimulates two
classes of postsynaptic ionotropic glutamate receptors. These classes are usually referred to as
AMPA and N-methyl-D-aspartic acid (NMDA) receptors. AMPA receptors mediate a voltage
25 independent fast excitatory post-synaptic current (the fast EPSC), whereas NMDA receptors
generate a voltage-dependent, slow excitatory current. Studies carried out in slices of
hippocampus or cortex, indicate that the AMPA receptor mediated fast EPSC is generally the
dominant component by far at most glutamatergic synapses, and activation of AMPA
receptors is usually a prerequisite for NMDA receptors activation.
30
AMPA receptors are expressed throughout the central nervous system. These receptors are
found in high concentrations in the superficial layers of neocortex, in each of the major

synaptic zones of hippocampus, and in the striatal complex, as reported by Monaghan et al.,



AMPA receptors are expressed throughout the central nervous system These
receptors are found in high concentrations in the superficial |ayers of
neocortex, in each of the major synaptic zones of hippocanmpus, and in the
striatal conplex, as reported by Mnaghan et al., 2 in Brain Research
324:160-164 (1984). Studies in aninmals %and humans indicate that these
structures organi ze conpl ex perceptual -notor processes and provide the
substrates for higher-order behaviors. Thus, AMPA receptors nediate
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Porr| no éfalla urmgﬁE@&BEolS(g) 1-14 (2006) and Lynch and Rogers, US Pat ent
5,747,492. There is a considerable body of evidence showing that LTP is the
substrate of menory. For exanple, conpounds that block LTP

Compounds that enhance the functioning of the AMPA subtype of glutamate receptors

facilitate the induction of LTP and the acquisition of learned tasks as measured by a number

20 of paradigms. See, for example, Granger et al., Synapse 15:326-329 (1993); Staubli et al.,
PNAS 91:777-781 (1994); Arai et al., Brain Res. 638:343-346 (1994); Staubli et al., PNAS
91:11158-11162 (1994); Shors et al., Neurosci. Let. 186:153-156 (1995); Larson et al., J.
Neurosci. 15:8023-8030 (1995); Granger et al., Synapse 22:332-337 (1996); Arai et al., JPET
278:627- 638 (1996); Lynch et al., Internat. Clin. Psychopharm. 11:13-19 (1996); Lynch et

25 al., Exp. Neurology 145:89-92 (1997); Ingvar et al., Exp. Neurology 146:553-559 (1997);
Hampson, et al., J. Neurosci. 18:2748-2763 (1998); Porrino et al., PLoS Biol 3(9): 1-14
(2006) and Lynch and Rogers, US Patent 5,747,492. There is a considerable body of evidence
showing that LTP is the substrate of memory. For example, compounds that block LTP
interfere with memory formation in animals, and certain drugs that disrupt learning in humans

30 antagonize the stabilization of LTP, as reported by del Cerro and Lynch, Neuroscience 49: 1-6
(1992). Learning a simple task induces LTP in hippocampus that occludes LTP generated by
high frequency stimulation (Whitlock et al., Science 313:1093-1097 (2006)) and a



interfere with menory formation in animals, and certain drugs that disrupt
| earning i n humans 30 ant agoni ze the stabilization of LTP, as reported by
del Cerro and Lynch, Neuroscience 49: 1-6 (1992). Learning a sinple task
i nduces LTP in hippocanpus that occludes LTP generated by high frequency
stinmulation (Witlock et al., Science 313:1093-1097 (2006)) and a 3
mechani sm that naintains LTP sustains spatial nenory (Pastal kova, et al.,
Sci ence 313:1141- 1144 ('200?‘)}7)' O significant inportance to the field of
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reverse opioid- and “barbiturate-induced respiratory depression w thout
rever si ngpasfidemiveticdeR m mield[pergsé afiRals (Bex, eahl., ANeniaphysidloBe0aT7-685 (2006)).
Respiratory and Critical Care Medicine, 174: 1384-1391 (2006). Therefore
t hese Hrugs may be useful in preventing or reversing opioid-induced
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See, for exanple, Lauterborn, et al., 15 J. Neurosci. 20:8-21 (2000); Gll,
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sel ectively.facilitat t A recept or._has be described ,by.lto et al.,
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disease, Attention Deficit Hyperactivity Disorder (ADHD), autism, Fragile-X Syndrome, and
Rett Syndrome (RTT). See, for example, O'Neill, et al., Eur. J. Pharmacol. 486:163-174
20 (2004); Kent, et al., Mol. Psychiatry 10:939-943 (2005); Riikonen, et al., J. Child Neurol.

18:693-697 (2003) and Chang, et al., Neuron 49:341-348 (2006). Thus, AMPA receptor

potentiators may be useful for the treatment of these, as well as other, neurological diseases

that are the result of a glutamatergic imbalance or a deficit in neurotrophic factors.

25 A prototype for a compound that selectively facilitates the AMPA receptor has been described
by Ito et al., J. Physiol. 424:533-543 (1990). These authors found that the nootropic drug
aniracetam (N-anisoyl-2-pyrrolidinone) increases currents mediated by brain AMPA receptors
expressed in Xenopus oocytes without affecting responses by y-aminobutyric acid (GABA),
kainic acid (KA), or NMDA receptors. Infusion of aniracetam into slices of hippocampus was

30 also shown to substantially increase the size of fast synaptic potentials without altering resting
membrane properties. It has since been confirmed that aniracetam enhances synaptic

responses at several sites in hippacampus, and that it has no effect on NMDA-receptor



ani racet am (N-ani soyl - 2-pyrrolidinone) increases currents nedi ated by brain
AMPA receptors expressed in Xenopus oocytes wi thout affecting responses by
y-am nobutyric acid (GABA), kainic acid (KA), or NVDA receptors. |nfusion
of aniracetaminto slices of hippocanpus was 30 al so shown to substantially
i ncrease the size of fast synaptic potehtials without altering resting
menbrane properties. It has since been confirned that aniracetam enhances
synaptic responses at several sites in hippocanpus, and that it has no
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Psychobi ol o 90) and Xiao et al., H p- pocanpus 1:373-380
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20 A class of AMPA receptor-enhancing compounds that does not display the low potency and

inherent instability characteristic of aniracetam has been described (Lynch and Rogers, US

Patent 5,747,492). These compounds, termed "Ampakines"", can be substituted benzamides
which include, for example, 6-(piperidin-1-ylcarbonyl)quinoxaline (CX516; Ampalex®).
Typically, they are chemically more stable than aniracetam and show improved bio-

25 availability. CX516 is active in animal tests used to detect efficacious drugs for the treatment
of memory disorders, schizophrenia, and depression. In three separate clinical trials, CX516
showed evidence for efficacy in improving various forms of human memory (Lynch et al.,
Internat. Clin. Psychopharm. 11:13-19 (1996); Lynch et al., Exp. Neurology 145:89-92
(1997); Ingvar et al., Exp. Neurology 146:553-559 (1997)).

30

Another class of Ampakines, benzoxazines, has been discovered to have very high activity in



of menory disorders, schizophrenia, and depression. In three separate
clinical trials, CX516 showed evidence for efficacy in inproving various
forms of human nenory (Lynch et al., Internat. Cin. Psychopharm 11:13-19
(1996); Lynch et al., Exp. Neurology 145:89-92 (1997); Ingvar et al., Exp.
Neur ol ogy 146: 553-559 (1997)). 30 Another class of Anpakines, benzoxazines,
has been di scovered to have very high activity in 5 in vitro and in vivo
nodel s for assessing the probabiljty of producing cagnition enhancenent
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conpounds in US 2002/ 0055508 and US-2002/0099050. This new and novel class
of bicyclic amdes (A), described in greater i o detail herein, display
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15 Summary of the Invention

The present invention therefore, includes, in one aspect, a compound as shown by structure A
and other structures and described in Section II of the Detailed Description, which follows.
Administration of compounds of this class has been found to enhance AMPA mediated
glutamatergic synaptic responses and significantly improve the behavior of rodents in the d-
20 amphetamine stimulated locomotion assay. This behavioral assay has proven useful in
assessing the efficacy of neuroleptic drugs for the treatment of schizophrenia and ADHD.
The compounds are significantly and surprisingly more potent than previously described com-
pounds in increasing glutamatergic synaptic responses in vivo. This activity translates into
pharmaceutical compounds and corresponding methods of use, including treatment methods,
25 which utilize significantly lower concentrations of the present compounds compared to prior
art compositions. In addition, compounds within the present invention demonstrate improved
pharmacokinetic properties compared with previously described compounds and have good

oral bioavailability.



assessing the efficacy of neuroleptic drugs for the treatnent of

schi zophreni a and ADHD. The conpounds are significantly and surprisingly
nore potent than previously described com pounds in increasing
glutamatergi c synaptic responses in vivo. This activity translates into

phar maceuti cal conmpounds and correspondfng nethods of use, including
treatment nmethods, 25 which utilize significantly | ower concentrations of

t he present conpounds conpared to prior art conmpositions. In addition,
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human. 1 n another enbodinment, the subject is a mammal. Also clained is a
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In another embodiment, the subject is a mammal. Also claimed is a method for reducing or
inhibiting respiratory depression comprising administering to the subject an amount of a
20 compound of the invention in combination with an opioid analgesic; examples of such

opiates include but are not limited to, alfentanil and fentanyl.

In another aspect, the invention includes a method for reducing or inhibiting breathing -
related sleep disorders or sleep apnea in a subject having sleep apnea, comprising
25 administering to the subject an amount of a compound of the invention, the amount being

sufficient to reduce or inhibit the breathing related sleep disorder.

According to the methods, such a subject is treated with an effective amount of a compound

as shown by structure I, and described in Section II of the Detailed Description, following, in
30 apharmaceutically acceptable carrier. These and other objects and features of the invention

will become more fully apparent when the following detailed description of the invention is

read in conjunction with the accompanying drawings.



25 administering to the subject an anount of a conpound of the invention,
the anobunt being sufficient to reduce or inhibit the breathing rel ated

sl eep disorder. According to the methods, such a subject is treated with an
effective anmount of a conpound as shown by structure I, and described in
Section Il of the Detail ed Description,7follomﬁng, in 30 a pharmaceutically
acceptabl e carrier. These and ot her objects and features of the invention
will becone nore fully apparent when the follow ng detail ed description of
the invention is read in conjunction with the acconpanyi ng drawi ngs. 7

Det ai | ed dsel MRbdftioflof iftemléhgeat i on 1. Definitions s The ternms bel ow have
the foll owng neanings unless 1 ndicated otherwise. Oher terns that are
used to describe the present invention have the same definitions as those

ternms ar ;gﬁn$rally used by those skilled in the art. The term"alkyl" is
used herei IBP8¥ er to a fully saturated nonoval ent radical containing to

car bony ang, ft’é{ﬁ\%%%w hA8 theRLIEWidEBYcRfgd usltésahdiBited BRkAvis® R AGGhsQhatCYCl i C.
Exanpl es of al kyl groups are nethyl, "ethyl, n-butyl, n-heptyl, isopropyl,
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sat ur at ed nna valggt radi.c ld'ant ining up to 8 carbons and hydrogen in a
ring. Ex&ies vf wOS%Flfé@F BriBUHs are 15 cyclopropyl, cyclobutyl,

cycl opentyl, cycl ohexyl and cycl oheptyl. The term "bicycloal kyl" is used
herein to refer to a fully saturated nonoval ent radical containing up to 10
car bons dihd témndtatkyEnis upedshersin yaiefas to & Ayly sEuratgsl menwalast mdidabemiaininggr oups
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and 1 nitrogen atomin a bicyclic ring. Exanples of azabicycl oal kyl groups
a include 1l-azabicyclo[2.2.2]octyl, 2-azabicyclo[2.2.2]octyl, 1- 25
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nmonoval erbntaiadigapl to @uaRNG afidh fRédein anidg. ERAHPOGT cldladikgighbiisiase one or two
sites of un-saturation, and which ma& be a straight chain, branched or

cycli & Exdepipey. oflognivdeyrlopeiylpeyciahexd apdpayaloheptybut enyl , n- hept enyl ,

The term “bicycloalkyl” is used herein to refer to a fully saturated monovalent radical
containing up to 10 carbons and hydrogen in a bicyclic ring. Examples of bicycloalky!
groups are bicyclo[2.2.2]octyl, bicyclo[2.2.1]heptyl and bicyclo[2.2.3]nonyl and

20 bicylo[3.2.1]octyl.

The term “azabicycloalky!l” is used herein to refer to a fully saturated monovalent radical

containing up to 10 carbons and hydrogen and 1 nitrogen atom in a bicyclic ring. Examples

of azabicycloalkyl groups a include 1-azabicyclo[2.2.2]octyl, 2-azabicyclo[2.2.2]octyl, 1-
25 azabicyclo[2.2.1]heptyl, 2-azabicyclo[2.2.1]heptyl and 1-azabicylo[3.2.1]octyl.

The term "alkenyl" is used herein to refer to a monovalent radical containing carbon and
hydrogen that contains one or two sites of un-saturation, and which may be a straight chain,
branched or cyclic. Examples of alkenyl groups are ethenyl, n-butenyl, n-heptenyl,

30 isopropenyl, cyclopentenyl, cyclopentenylethyl and cyclohexenyl. “Alkynyl” refers to a
monovalent radical containing carbon and hydrogen as described above which contains at

least one triple bond.



30 isopropenyl, cyclopentenyl, cyclopentenylethyl and cycl ohexenyl .

"Alkynyl" refers to a nonoval ent radical containing carbon and hydrogen as
descri bed above which contains at |least one triple bond. S The term
"substituted alkyl" refers to alkyl as just described including one or nore
functional groups such as |ower al kyl &ontaining 1-6 carbon atons, aryl,
substituted aryl, acyl, halogen (i.e., alkyl halos, e.g., CF3), am do,

t hi oam do cyano, nitro, al kynyl, azido, hydroxy, alkoxy, alkoxyal kyl,

am no, alRlteranGublstiited kikalti misrs ta@idyhad juet, desariped inejudamey drexayr, mmﬂmﬁyaﬂkyl 5
car boxyal k

th ed. a turated
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ring (e.g., phenyl) t|ple condensed rings (e.g., napht 5 t'her
exanpl es alrxyalle, amm@, ai&yleaaidc%kyl@rran@maylmmm;w@wmbxrnaamquaihsé or nore
nitrogen, _Qgx or, sul fur .at ri 4 zolyl, isoxazolyl,
pyrazo?ylCar %?ajg%i Wb F dlthl Otﬁ'iole{hqs &g 5Bt ed aByPP%?azrfl%r(le?/lcydycpyrl m dyl ,
benzof ur M{ydrola@ﬂagﬁg hét@fbyyglego@ﬁzthmlxd@zol yl, benzoxazol yl, benzot hi azol yl ,

qui nol yl, ~ i soqui nol yI i mdazolyl, fur yI pyrrolyl, pyri dyl, thienyl and
indolyl. is The term' substltuted as used in the term"substituted aryl,
substi t ut.ed .ar ommat.j, c bsti.t het substit . .
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present do ~not prevent’ the conpound fromtunctioning as a potentiator of
AVPA  niec dpstenreyElimarpinetic ringEgroups kaving oreuds sare DiogEN, LN FgenTON/SURIT pﬁowemhq n a
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substituted wth one or two Cl- al kyl groups), i oam do (optiona

subst i t utiegguinobyh iavdazelyltfweyl, a;yrrelzvl PATIRYA thgqnwtqfs\si)mdcdzlr do, al kynyl, (Cl-C7)
al kyl hal os (e.g., CF3), hydroxy, (C-C7) alkoxy, (C2-C3) al koxyal kyl ,

am no, (Cl-C7) aI kyl and di al kyl am no, (Cl-C7) acylam no, (Cl-C7) acyl oxy,
25 aryj oxphe térid “sObgtitaed’! apasad kythe te, “sibb)itutar Aol yblskpked aramb@ogammlmted hi o,
(Cl-C7) thioethers, both saturated and unsaturated (C3-C$) clic

hydr ocar BkEoarylcer_sebstitied pisraprquaatica Rereinsigmifigeghat opg of @Oﬁ%ﬁl@é IUpR{E M8%ch of
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nor e car honpetarshe compound from functioning as a potentiator of AMPA receptor functlon.
Examples of substituents that may be present in a substituted aromatic or heteroaromatic
20  group include, but are not limited to, groups such as (C;-C5) alkyl, (C;-C5) acyl, aryl,
heteroaryl, substituted aryl and heteroaryl, halogen, cyano, nitro, amido (optionally substituted
with one or two C,-C; alkyl groups), thioamido (optionally substituted with one or two C;-C;
alkyl groups), azido, alkynyl, (C,-C5) alkylhalos (e.g., CF3), hydroxy, (C,;-C7) alkoxy, (C;-Cs)
alkoxyalkyl, amino, (C,-C;) alkyl and dialkyl amino, (C;-Cy) acylamino, (C;-C;) acyloxy,
25 aryloxy, (C,-C5) aryloxyalkyl, (C,-C5) carboxyalkyl, carboxamido, thio, (C,-C5) thioethers,
both saturated and unsaturatéd (C;-Cs) cyclic hydrocarbons, (C3-Cs) heterocycles and the like.

It is noted that each of the substituents disclosed herein may themselves be substituted.

"Heterocycle" or "heterocyclic" refers to a carbocylic ring wherein one or more carbon atoms
30 have been replaced with one or more heteroatoms such as nitrogen, oxygen or sulfur.
Examples of heterocycles include, but are not limited to, piperidine, pyrrolidine, morpholine,

thiomorpholine, piperazine, tetrahydrofuran, tetrahydropyran, 2-pyrrolidinone, 8-



30 have been replaced with one or nore heteroatons such as nitrogen, oxygen
or sulfur. Exanples of heterocycles include, but are not limted to,

pi peri di ne, pyrrolidine, norpholine, thionorpholine, piperazine,

t etrahydrof uran, tetrahydropyran, 2-pyrrolidinone, S 9 valerolactam
S-val erol act one and 2- ket opi perazine. The term "substituted heterocycle”
refers to a heterocycle as just described which contains or is substituted
with one or nore functional groups (as otherw se described herein) such as 5
| over al kyhllero/@@¥h; 5-3h¥tolackrRRAd 20&kQSAazim do, thi oami do, azido, hydroxy,
al koxy, al koxyal kyl', am no, al kyl and di al kyl -ani no, acyl am no, acyl oxy,
aryl oxy, aryloxyal kyl, carboxyal kyl, carboxam do, thio, thioethers, both

sat urat ed_and unsatuyrated cycli¢ _.hydrocarbons, heterocycles.and the |ike,
e ot her WAL SUPT LAY REeGFeIe 1o b § BTHEE Bt dioh eoerboq ST RGP e oF 0
refer to @BubsBREM Witle o @ Théd! fuk@ioRa Wrshpd (B GHREeHe dBREBEMher¥inh Bidh dst s use in
context, the termgenerally refers to a single stable conpound, but in

certain ilnweraledsachyprydl cyeng, delogen, gmide thiednsidenszloahidiroxy, afokial i somer s
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refers tcathoryakydudirbaxamids ehio cthR@tte et 8stufedfaad ib$AurkteiRedlid s used
within the context of its intended use to effect an intended result, for

exanpl e, hydrocahpesn detegicytlanenddhefike, gy adiervite deserrsdderay i ncr easi ng AMPA
receptor activity. The precise anmount used will vary dependi ng upon the
particul ar conpound. selected and its intended use, 20 the age and wei ght of

t he supj ente, tefrDtotpolindUFusddstieréih kRt ferda1ghySPedifE themibaltcofpuRediedsiddy
determ ned by routine experinentation. In the case of the treatnent of a

condi t i orhegmin.dVEigis &s usg mrcentexh theftpee gengeallsimefenstio p singlecatablerenmmpoundi B i s
used to effergt.i velé treat ltohe %% Etifuxl ar co(gdri til(():n] of dri iegls:a.nstate. 25 The
term "phe{?ﬁ% AP, ?ﬁsﬁnaé'cacsep eg | PP PAPIC SOMES IIFRAING:  exci pi ent
whi ch is dgitiopuRtacapRlad] ¥ndnaseriéMytencted RbBpburd® aid i4eBmid mixdurdghrorni st er ed.
Phar maceutically acceptable excipients are described at |ength by EW

Martin, idscloRedeomgpaynds Phar maceuti cal Sciences." A "pharmaceutically
accept ble salt"” of an am ne compound, such as those contenplated in 30 the
current invention, is an amonium salt having as counter ion an inorganic
ani on suclhea&m "effective amount” refers to the amount of a selected compound of formula I that is

used within the context of its intended use to effect an intended result, for example, to
enhance glutamatergic synaptic response by increasing AMPA receptor activity. The precise
amount used will vary depending upon the particular compound selected and its intended use,

20 the age and weight of the subject, route of administration, and so forth, but may be easily
determined by routine experimentation. In the case of the treatment of a condition or disease
state, an effective amount is that amount which is used to effectively treat the particular

condition or disease state.

25 The term "pharmaceutically acceptable carrier" refers to a carrier or excipient which is not
unacceptably toxic to the subject to which it is administered. Pharmaceutically acceptable

excipients are described at length by E.W. Martin, in "Remington's Pharmaceutical Sciences."”

A "pharmaceutically acceptable salt" of an amine compound, such as those contemplated in
30 the current invention, is an ammonium salt having as counter ion an inorganic anion such as
chloride, bromide, iodide, sulfate, sulfite, nitrate, nitrite, phosphate, and the like, or an organic

anion such as acetate, malonate, pyruvate, propionate, fumarate, cinnamate, tosylate, and the



chloride, bromde, iodide, sulfate, sulfite, nitrate, nitrite, phosphate,
and the |like, or an organic anion such as acetate, nalonate, pyruvate,

propi onate, fumarate, cinnanate, tosylate, and the 10 I|ike. The term
"patient” or "subject” is used throughout the specification to describe an
animal, generally a mammalian animal, ¥Pncluding a hunan, to whom treat nent

or use with the s conpounds or conpositions according to the present
invention is provided. For treatnment or use with/or of those conditions or
di sease dltkgt es which are specific for a specific animal (especially, for
exanpl e, a human subject or patient), the termpatient or subject refers to
that particular aninmal. i o The term"sensory notor problens” is used to
descri be Ehefierab RN of fsudfecds used thropghidueihic spécificatibn ecdestrigenad emblabi | ity
to integrate external information derived fromthe five known senses in
such a wesenerglly o mammeatian apigrabneludiag phymprede whemgrageentionye Yith§enovenent
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descri rnvol ves

t hought qrse W)”Mrlaﬂthoa_é'l&)rditm&88dﬂ‘sbﬁ36&ﬂa@l§l$/hmt atér@eclasmca @tebn@ila aqapndli ces of
the parietal, tenporal and frontal | obes, which account for fproxmately
75% of al (FsHsciatn fofrexpmple 8 Suman sibject eEpRSISED.ShetermPatientier s¥biedscterifid fitht i on
pr ocessi $c'ﬁ?’a%a19i§1°§ on between sensory input and notor output. The diverse
functions o associ ation cortices are often referred to as cognition,
which literally neans the process by which we cone to know t he worl d.

Sel ectively attendi to a rticul ar, stinmy] us, .and i.dentifying
t hese 't el B4 SEP 'Ei‘QtOFQ < 15 Hypdp deit a%‘i’? %B‘rcﬁé’ﬁ g APRECTHQE ponse

are sone sqtjettft?oxﬂtreqm t@fnt hiblekicaRl fRAALGHadW ol Bl HZRI e RhgA Whi ch are
related to~ cognition. erm"brarn network™ 1s used to describe
differ entseamahnsmchalwawegtcndlsecoﬁp}irhmdw pliysicélredponses mmodvicgtr®vemeit ande anot her
via the synaptl c activity of neuronal cells. The term"AWPA receptor” refers
to an agdW ffate of proteins found in sonme nenbranes, 30 which allows
positive ions to cross the nenbrane in response to the bi ndi ng of gl utamate
or AMPA (DL-a-am no- 3-hydroxy-5-net hyl - 4-i soxazol epropi oni c acid), but not
NMDA. 15 The term “cognitive task™ or “cognitive function” is used to describe an endeavor or process

by a patient or subject that involves thought or knowing. The diverse functions of the
association cortices of the parietal, temporal and frontal lobes, which account for
approximately 75% of all human brain tissue, are responsible for much of the information
processing that goes on between sensory input and motor output. The diverse functions of the
20  association cortices are often referred to as cognition, which literally means the process by
which we come to know the world. Selectively attending to a particular stimulus, recognizing
and identifying these relevant stimulus features and planning and experiencing the response
are some of the processes or abilities mediated by the human brain which are related to
cognition.
25
The term “brain network” is used to describe different anatomical regions of the brain that

communicate with one another via the synaptic activity of neuronal cells.

The term “AMPA receptor” refers to an aggregate of proteins found in some membranes,
30 which allows positive ions to cross the membrane in response to the binding of glutamate or

AMPA (DL-a-amino-3-hydroxy-S5-methyl-4-isoxazolepropionic acid), but not NMDA.



11 The term"excitatory synapse"” is used to describe a cell-cell junction
at which release of a chem cal nessenger by one cell causes depol ari zation
of the external nenbrane of the other <cell. An excitatory synapse descri bes
a postsynaptic neuron which has a reversal potential that is nore positive
than the threshold potential and conseqdently, in such a synapse, a 5
neurotransmtter increases the probability that an excitatory post synaptic
potential _will result (a neuron will fire producing an action potential).
Rever sal Pestem eicsatardynsnses oised polessiibiesicsll-calk junchipmat Wwaish ssierapef &
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ef fect ofcell. AhaREnitdry eynabse dvseribedta@oytspiaptiPlicugdtoebich haeX fiveRhigioferitiabthat
synaptic potential ("EPSP') and the i o firing of an action potential by
t he neur o Morg pasiverthanethg Hiregholdpatential angrcogseguentlysiprfaph peynapst.énti al is nore
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and nay generate in _ napt’i ¢ potet _ hus Teduci ng
the |i kel (ahe@dn iR fir@prodidia@aastionpotentigl). Revaeilipotenfials @Al taesholdtagianr al
rule for postsynaptic action is: if the reversal potential is nore positive
than thr e&fmme regieynaatit e¥citaign rréinhibitkang [fitheorevered woteniipl fona ppetvEtaple 15

potential is. Nk ative t reshaql d. ar pter 7,
eures e B Pt -hBy LB Ao poB i et P U iers SRS D ane,
MA 1997. (FhemitRen exomitory dndpkoducss asedititorydosiGihiiicpoteptida@EPSP)akethdy a
patient or subject that involves novenent or action. 20 The term

" per cept uiing feractian ppseial by Hederiopelf fif ravarsabpotsntisd foreaposhsynaplij ect of
devoti ng enti j " i - o g used
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r el ease ohacgamacahhivieygogesyaaltyc ponoitibB (IPSE), Ithusirtduciy thh likelihoeditimt al ose

contact. The term "hypogl utamatergic condition" is used to describe a state
or condi t9YBHSF Wil acfipARSIRUL) %Féaﬁagwiedf%byoﬁﬁya?%mca% 5 thtas eRel
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consists of the release of glutamate, binding to post synaptic receptors,
and the opeemitiags oforehegatied than titreghold. Sto forreasmplecChaptar’s NELFROSGENCENt  of

the hypo Lqi tergic conditi,on i.s reducged, exci o] ost synaptic
current . q%fte S%nﬁal[einxéchT§H?%>¢55001ates, Ew.,%underfe(mé,tl\%s E%?p
The term “motor task” is used to describe an endeavor taken by a patient or subject that
involves movement or action.
20
The term “perceptual task” is used to describe an act by a patient or subject of devoting

attention to sensory inputs.

The term “synaptic response” is used to describe biophysical reactions in one cell as a
25 consequence of the release of chemical messengers by another cell with which it is in close

contact.

The term “hypoglutamatergic condition” is used to describe a state or condition in which

transmission mediated by glutamate (or related excitatory amino acids) is reduced to below
30 normal levels. Transmission consists of the release of glutamate, binding to post synaptic

receptors, and the opening of channels integral to those receptors. The end point of the

hypoglutamatergic condition is reduced excitatory post synaptic current. It can arise from any



12 of the three above noted phases of transm ssion. Conditions or disease
states which are considered hypogl utamatergic conditions and which can be
treated using the conpounds, conpositions and nethods according to the
present invention include, for exanple, loss of nenory, denmentia,
depression, attention disorders, sexuall2dysfunction, novenent disorders, 5

i ncl udi ng Par ki nson's di sease, schi zophrenia or schi zophreniform behavi or,
menory and |earning disorders, including those disorders which result from
agi ng, t refuhathrestabokenaigdiphasesnfdrasoissipatCanditiding or diegase staigs whagh ardiose

associ ated wi.t h.drug-induced states, neurofoxic e zhel ner.' s di sease
and agi ngc,onFléi%rﬁ'ii gﬁ‘? “i}araégﬁgé“s%‘i“gﬁmé‘%a“ sVé‘épcaéb?]ee%%gﬂFhngdeg tﬁl% S%IBP%ngFfs are
readi ly r&eQ@bitisedanindetdb@otosdihghy tHeReenOhvatidh alydesfor lekarhplefloss ¢fr t . 10
The term "cortico-striatal inbalance” is used to describe a state in which

t he bal angemes, devesntiarigpresgion atientden disorders sexiabdydimrdionanovanant disardgrs,
underlying stri | | ex deyi s from,.t found. ' Activity'
can beyaslg%lél(shél %é%nesﬁggﬁrlsl%é%er gc\rﬁle%%fﬁr Plr?é) rg}rhlzrﬁr)sﬁ}eeg l{}? %1?%%1#%/ Oégglﬂglgf)ry @(eachni gues.
| mbal ancelegamgigsotdsradlsdiggthbye @pgrtists Adidhiresiet ﬁ&@&gﬁh%&rm& keokevsnd
structures or 15 by functional (behavioral or physiological) criteria. The
t erm " af f earqdpgengrasize disprdees suchps dhoge aspeiated witdslewd-vdycadtatess REHIPIOBIE when
sadness or. __elation i.s.overly.int . i 0 pect ed
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the term cofiftioss iré eeadils dcdeize il AELSsall Uy thyse®S oftfind¥peie11 40 tidi :s0r der s as
described in, for exanple, Diagnostic and Statistical Mnual of Mental

Di sorders, Fourth Editiion (DSM 1V), pages 317-391. The term "schi zophreni a"

is used t escribe a . caondition which.s a compn t. . of chosi s,

char act erﬂ}egmycoéncd’f S%%ﬁlceilp}bla the® P%ﬁdﬁ‘&fiﬁsﬁng‘? %Etgt%égv?”@uﬂclﬁgg%mgeq usi ons and
25 hal | uciengnbiofesivitias th @ iRaSbMRciol thtkxoa@lunaérlyinesthindl sonsilat dsvidted RSt
from other people and the outside world, and the investnent of it in his or
her own. tRetHioFadhtfonnd 'A<iviy\Fan bsapgescd Y glecigicalupcasdingonmelecy]as biodegieal r at her
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schi zophreni herein, renia or "schizophrenifornt
enbr aces @l fundtippelgbefavachior ppyri@ngiaal) entetiaidi ng anbul at ory schi zophreni a,
catatoni c 30 schi zophreni a, hebephrenic schi zophrenia, |atent schizophrenia,
process schi zophrenia, pseudoneurotic schizophrenia, reactive

schi zophrapigm SIFPBhR ASH&ORBPFBBbRdisHae d8cRbEGhe condition when sadness or
elation is overly intense and continues beyond the expected impact of a stressful life event, or
arises endogenously. As used herein, the term “effective disorder” embraces all types of mood
20  disorders as described in, for example, Diagnostic and Statistical Manual of Mental

Disorders, Fourth Edition (DSM IV), pages 317-391.

The term “schizophrenia” is used to describe a condition which is a common type of
psychosis, characterized by a disorder in the thinking processes, such as delusions and

25 hallucinations, and extensive withdrawal of the individual’s interest from other people and the
outside world, and the investment of it iﬁ his or her own. Schizophrenia is now considered a
group of mental disorders rather than a single entity, and distinction is made between reactive
and process schizophrenias. As used herein, the term schizophrenia or “schizophreniform”
embraces all types of schizophrenia, including ambulatory schizophrenia, catatonic

30 schizophrenia, hebephrenic schizophrenia, latent schizophrenia, process schizophrenia,
pseudoneurotic schizophrenia, reactive schizophrenia, simple schizophrenia, and related

psychotic disorders which are similar to schizophrenia, but which are not necessarily



psychotic disorders which are simlar to schizophrenia, but which are not
necessarily 13 diagnosed as schi zophrenia per se. Schi zophrenia and ot her
psychotic di sorders nmaybe diagnosed using guidelines established in, for
exanpl e, D agnostic and Statistical Manual of Mental Disorders, Fourth
Edition (DSM |1V) Sections 293.81, 293.8B, 295.10, 295.20, 295.30, 295.40,
295. 60, 295.70, 295.90, 297.1, 297.3, 298.8. s The term"brain function" is
used to describe the conbi ned tasks of perceiving, integrating, filtering
and r espohagneged as selxizephreria ger seubchizoptiraniatand itier psychotia disprders praydesses. The
term"inpaired" is used.to d i be function workj.n l e that is

| ess. ¢ handngpid teing Bdkids SREH oL HERE DU thd Sl § Pemel ' Such
that a fupekhoDisb&leRarehyh Beitiog (DSM VO Sectik 293.81,\298182a293/10)Q95 @8) 345630,  Or
is wrking in a fashion that is significantly I ess than normal. Inpaired

f unct i ons2%ve?. a95e0,385 A0 ARI-1, 2P, ¥p&i rment of function will vary in
severity frompatient to patient and the condition to be treated. 15 The
term"respiratory depression” as used herein refers to a variety of

condi t i onsheothiat Agrhidrfu@idn’ hyuseéd cudschiecthp corabined/ tafisaxfperveiyiay) thtegrstirig; at or y
drive to cranial and spinal notor neurons. pecj fically, respiratory

depr essi ofilt§@Eapd respo forexésmaal ghmpE apt terad mMatyrionas BIOSESSR%t wor k
associated with respiratory rhythm generating activity does not respond to
accunul ating levels of PCO2 (or decreasing levels of P02) in the blood and
subsequenThetetmnti@tpagtd’hisuaddes d2€ribo tadumeion oskisgata levdliting id lessthanisamaht ur e.
The term sl e%g apnea" as used herein refers to breathing-rel ated s|eep

di sor dér simprirghiugptionsicap e sigaificagil ippnacted suchithat 2 funegiop psbarely bepg camisht r al

Sl eep Ap LS i 1 j.cale 1.6 hof: L i i of all
Ceap rat ory &P rElY AELoBRR AL ROUAG AR kAl L R e R A v gen
sat ur at i Olfinpairéd funetidrsandysdlgrbecsmbioptimab Mhe dhpdifgend beAnbiicrgwihvdrg irdsewerityher e' s
no respiratory effort and no breathing. The person is aroused from sl eep by
an aut omelf9me Patkang i pAtisBt andithesondiionta be gredip getting very little sleep at
all. Qobstructive sleep apnea is characterized by repetitive pauses in

breat hing during sleep due to the obstruction and/or collapse of the upper
ai rways artheftetn trespdratwyy depressinio? as wgdtherehr refdrhie.a Vaeisty ofabodiyiorf dhardcteBiaed

continues during the episodes of apnea. The term 'pro-drug" as used herein
refers t d’ya“%?‘gffél”ir?:ta‘g‘l 1f/quuS\IEﬁyl agd c‘fg‘PF@‘QW Vett?lﬁﬁa“iagand spinal motor neurons.
Specifically, respiratory depression refers to conditions where the medullary neural network
associated with respiratory rhythm generating activity does not respond to accumulating levels
of PCO; (or decreasing levels of PO;) in the blood and subsequently under stimulates

20 motorneurons controlling lung musculature.

The term “sleep apnea” as used herein refers to breathing-related sleep disorders of which
there are two types: central and obstructive. Central Sleep Apnea is defined as a neurological
condition causing cessation of all respiratory effort during sleep, usually with decreases in

25 blood oxygen saturation, if the brainstem center controlling breathing shuts down there's no
respiratory effort and no breathing. The person is aroused from sleep by an automatic
breathing reflex, so may end up getting very little sleep at all. Obstructive sleep apnea is
characterized by repetitive pauses in breathing during sleep due to the obstruction and/or
collapse of the upper airway and followed by an awakening to breathe. Respiratory effort

30 continues during the episodes of apnea.

The term “pro-drug” as used herein refers to a metabolically labile derivative that is



14 pharmacol ogically inactive in the parent formbut that is rapidly

nmet abol i zed in human or animal plasnma to a pharnacologically active form

Exanpl es of pro-drugs as used herein include but in no way are limted to
ester derivatives of hydroxyl containing noieties, such esters include but
are not limted to those formed from substituted or un-substituted natural

or 5 un-natural amno acids. |Il. Conpounds of the Present Invention i o The
present invention is directed to conpounds haV|n t he of enhanci ng
AVPA 1 eddpimrcolagifatly gretivievadbe parentomn byihal isvgs! Wawﬁagolﬂﬁ iRyHR O e A,

bel ow. O W iNE € oxygen,
sul fur oran%}é@l—?%qg%pan 80?‘ %%pe% f(mﬁgle ec etﬁdagfrﬁsgh%u% e%%lgup
consi st i ngclafie bidin 86 waCke linttey teiester Rerivatitts o-f Bydroxﬁ]?lcpntaﬁung 1Ghietief\lOch - OR ,

-SR, -NR12, -Cl1-C6 branched or un-branched al k %ﬁﬂﬁ
un- subst i estereigclyde Buisse netdwated to thasp &rated frop SUPgﬂtHed OE:PH @6‘358 ?Pé‘ch‘ab?’

un- brapched maybe un-substituted or substituted, n 0-5
(such ?han?a?%r%%"p@ ig'ﬂmet hyl ene groups are present) m=0 -5 (such t hat

fromO to 5 nmethyl ene groups are present) p =0 -5 (such that fromO to 5
met hyl ene groups are present) 25 R2 and R3 are each independently sel ected
fromH a halogen (preferably F), -CN, -N®2, -OR, -SR, -NR 2, CF3, OH,

C0O a -Gk- BF, ahshed al kyl, which may be un-substituted or
substitu%’ﬁ%ﬁ@%ﬂ‘nﬁw ARe e Ples _branched al kenyl, which may be un- 15
10 The present invention is directed to compounds having the property of enhancing AMPA

receptor function. These include compounds having the structure A, below:
N %
/
W
Ay
N

> Wwis oxygen, sulfur or CH=CH;
X, Y and Z are independently selected from the group consisting of -N, or -CR,

CHzp

wherein:

wherein:
R is H, -Br, -Cl, -F, -CN, -NO», -OR', -SR', -NR'5, -C1-Cg branched or un-branched alkyl,
which may be un-substituted or substituted,
20 wherein:
R'isH, -C1-Cg branched or un-branched alkyl which, may be un-substituted or substituted,
n=0 -5 (such that from O to 5 methylene groups are present)
m =0 - 5 (such that from 0 to 5 methylene groups are present)
p =0 -5 (such that from 0 to 5 methylene groups are present)
25 R%and R? are each independently selected from H, a halogen (preferably F), -CN, -NO»,

-OR', -SR', ’NRIZ, CF;, OH, C=0, a -C{-Cg branched or un-branched alkyl, which may be

un-substituted or substituted, a -C-Cg branched or un-branched alkenyl, which may be un--



substituted or substituted, a -C2-C6 branched or un-branched al kynyl, which
may be un- substituted or substituted, a -C3-C7 cycloal kyl which may be
un-substituted or substituted, an aryl which may be un-substituted or
substituted , a heterocycle which nay be un-substituted or substituted, a
car boxyal kyl which may be un-substituted or substituted, a carboxyaryl 5

whi ch may be un-substituted or substituted, a carboxyheteroaryl which may be
un-substituted or substituted, a sulfonylalkyl which may be un-substituted
or subst isubstéeted ar sbpiwiedl aria-Cohrnekedraiyntsanched gllswryls Whisk msy bswbst i t ut ed

or a sul fony| heteroaryl may he un- substituted or substituted, E and F

whi ch
are each SBHEpehaeHOsusd) %&b@ﬁ%’ﬂﬂ@@-ﬁ%‘cmﬁg‘? usubstipiied qepbstiedanar e |

o absent, with the proviso.that E and F are not both absent; O |s. R3, A
oA CRASRIC BB s P e o herdipeyde whicB Tl wepbSiseo
CRZR3; = Or o 3y AN EFRG @obb SIky vAGAERARY h-SibkfitutedUr V¥sBitut&d, aRQIVRRIPN t her eof .
15 The present invention is directed, I n another aspect, to conpounds having
t he propewliyh ohy be nirauisstinged\dRAbstdatedtaorartfoupledtéroaryl Whieb endyrbel undsmbstongedunds
havi ng the structur

wher ei n: OZG“twlf%ecbﬁ?b&@y?gwwcgwgﬁg@f&%h%;ﬁ%ﬁé‘ﬁg&a%&gé’@ﬂ%ﬁfI yCH2m

sel ected [ - b St = Emﬁ{ | & s H -Br,
-d, -F @IWE%QﬁQ@tlﬁﬁw@bﬁﬁﬁ%or i-\gcgi@é%m%ﬁ he lcgirIjﬂf%-g%)!rngnched al kyl,
25 whi ch subgtitined onsubktitateldf ut ed or substituted, whereini: R is H, -Cl-C6

branched or un-branched al kyl which, may be un-substituted,or substituted,
n 20 - g AR MO INATRSRATYSCC A AT CHan g b RasAns B2ty CRATIS’ ofgre

10 absent, with the proviso that E and F are not both absent;
Gis CR’R>, A, CH,A, CR*=CR?, CH,C=0, CH,CR’R?, or absent,
Ais O, S, SO, SO,, C=0 or CR’R?;

or a pharmaceutically acceptable salt, solvate, or polymorph thereof.

15 The present invention is directed, in another aspect, to compounds having the property of

enhancing AMPA receptor function. These include compounds having the structure I, below:

wherein:

W is oxygen, sulfur or CH=CH;
X, Y and Z are independently selected from the group consisting of -N, or -CR,

wherein:

Ris H, -Br, -Cl, -F, -CN, -NOy, -OR', -SR', -NR ', -C{-Cg branched or un-branched alkyl,
25 which may be un-substituted or substituted,

wherein:

R'is H, -C}-Cg branched or un-branched alkyl which, may be un-substituted or substituted,

n=0 -5 (such that from 0 to 5 methylene groups are present)



in =0- 5 (such that fromO to 5 nethylene groups are present) p =0- 5
(such that fromO to 5 nethylene groups are present) R2 and R3 are

i ndependently selected fromH, a hal ogen (preferably F), -CN, -NO2, -ORS,
-SRS, -NR 2, CF3, OH, C=0, a -Cl1-C6 branched or un-branched al kyl, which
maybe un- 5 substituted or substituted,1%a -C2-C6 branched or un-branched

al kenyl, which may be un- substituted or substituted, a -C2-C6 branched or
un- branched al kynyl, which nay be un- substituted or substituted, a -C3-C7
cycl oal kyh =vthi & supmthabfom{ whbmethylanegioers asuprssdntlut ed, an aryl which may be
un- substit ut.e r .substitute het er ocycl e whj.ch may be un-substituted

or substiftut e—gs, 83c}bt§‘?§%93§}§tﬁ§lmﬁﬁ¥lghc%’ifsﬁéﬂﬁﬁs—? bstituted or substituted, a
car boxyarglani ®R* &Y @legbriieiE sdlkoet BSin 1 ledogen (Srefeedbly BY,edN, aNO,, -OR/,

car boxyhet eroaryl which may be un-substituted or substituted, a

sul f onyl alSRy,-NBh),c BFeyH pe=0ye <1ibE¢ btautted oo nn-ranshéd alk @dwhizh muyfbenylt ar y|

whi ch may be un-substituted or substituted or a sulfonyl heteroaryl which may
be un-s sudubstitbtad edsubstisiteds & FE€2HCgdranched & upHaanvhedakemydl Whichowgpeabt-e salt,
sol vate, or polynorph thereof. 15 The azabicyclic ring may al so be an
unsat ur at edstiziad pesubsiiated, aCascremebedenuacbringhed algymyds which mayde unxf CHP

YRZ CH2 mRs |1l 20 wherein: W_X, Y and Z are as defined for structure I,
above n =supstitutsd pespbitifuteds a tG 357 @yelaalkyl pdighymanke wi-sihsttusgdeorsubitidied. anj n = o

hat 1 o S REPRYTSHE GBS By W5 SL By sl Whah rassdRameesbiftiieds
pol yrmor pit T haY SR o Ay AT REM WS BRI sSRMED chrubture
I'11:/ 1¥ which may be un-substituted or substituted, a carboxyheteroaryl which may be un-substituted

or substituted, a sulfonylalkyl which may be un-substituted or substituted, a sulfonylaryl

which may be un-substituted or substituted or a sulfonylheteroaryl which may be un-

substituted or substituted , or a pharmaceutically acceptable salt, solvate, or polymorph

thereof.

The azabicyclic ring may also be an unsaturated azabicyclic ring as represented by structure

I
0
/N N N
M ;\r 27 R2
N™ Sy chm R

20  wherein:

W, X, Y and Z are as defined for structure I, above
n =0 -5 (such that from 0 to 5 methylene groups are present)
m = 0 - 5 (such that from 0 to 5 methylene groups are present)
p = 0 - 4 (such that from O to 4 methylene groups are present)
25 and R? and R? are as defined for structure I, or a pharmaceutically acceptable salt, solvate, or

polymorph thereof.

The azabicyclic ring may also be represented by structure III:



O YXCHCHZP WN\ N2 RB Y&Z RZ CH2ZmA Il wherein: W X, Y and Z are as
defined for structure |, above Ais 0, S, SO 502, C=0 or CR2R3; 5 n =0 -
5 (such that fromO to 5 nethylene groups are present) m= 1 - 5 (such that
fromO to 5 nmethyl ene groups are present) p =0 - 5 (such that fromO to 5
met hyl ene groups are present) and R2 ad R3 are as defined for structure I,
or a pharmaceutically acceptable salt, solvate, or polynorph thereof. 10 In
a further aspect of the present invention, the azabicyclic ring includes

conpounds of structure IV: O X \ CHzP N, WNR3 A YR CHZmIV
wherein: 15 W X, Y and Z are\a fiped fen Pﬁ%&ure |, above Ais 0, S,
SO 502, C=0 or CR2R3; n 1W (s\u h t to 5 nethyl ene groups are
present) m=1 - 5 (such tha omjto R-Aet'Ry) ene groups are present) p =
O - 5 (such that fromO to 5 ﬁ%tthene groupsmare present) 20 and R2 and R3
are as defined for structure I, or a mpharmaceutically acceptable salt,
solvate, v\(/)l{erein

W, X, Y and Z are as defined for structure I, above
Ais0,S, SO, SO;, C=0 or CR’R’;
s n=0-5 (such that from 0 to S methylene groups are present)
m =1 - 5 (such that from O to 5 methylene groups are present)
p =0 - 5 (such that from 0 to 5 methylene groups are present)
and R? and R’ are as defined for structure I, or a pharmaceutically acceptable salt, solvate, or

polymorph thereof.

In a further aspect of the present invention, the azabicyclic ring includes compounds of

W i \(ﬁ—m

15 W, X, Y and Z are as defined for structure I, above
Ais O, S, SO, SO,, C=0 or CR*R?;
n=1-5 (such that from 1 to 5 methylene groups are present)

structure I'V:

wherein:

m =1 -5 (such that from 1 to 5 methylene groups are present)
p =0 - 5 (such that from 0 to 5 methylene groups are present)
20 and R? and R* are as defined for structure I, or a pharmaceutically acceptable salt, solvate, or

polymorph thereof.

In a further aspect, the present invention provides compounds of Formulas A and I - IV
selected from:

25 8-Azabicyclo[3.2.1]oct-8-yi([2,1,3]-benzoxadiazol-5-yl)methanone
8-([2,1,3]-Benzoxadiazol-5-ylcarbonyl)-8-azabicyclo[3.2.1]octan-3-one



pol ynorph thereof. In a further aspect, the present invention provides
conpounds of Fornmulas Aand | - IV selected from 25

8- Azabi cycl o[ 3. 2. 1] oct-8-yl ([ 2, 1, 3] - benzoxadi azol - 5-yl ) met hanone

8-([2,1, 3] -Benzoxadi azol - 5-yl car bonyl ) - 8- azabi cycl o[ 3. 2. 1] oct an- 3-one 18

[2, 1, 3] - Benzoxadi azol - 5-yl (3, 3-di fl uor og8-azabicyclo[3.2. 1

] oct - 8-yl ) met hanone

[ 2,1, 3] - Benzoxadi azol - 5-yl (3-fl uoro-8-azabi cycl o[ 3. 2. 1] oct - 2- en- 8-yl ) et hano

ne encl o[ JBe%]zoﬁdlazol 5-yl(3,3-difluoro-8-azabicyclo[3.2. 1]oct 8-yl)methanone
enzoxadi azol - 5 y!I (3- hydr oxy-8-azabi cycl o[ 3. 2. 1] oct - 8-yl ) met hanone

exo-[ 2, 1,31, 3]%mzommzakﬁ){yl(B-fWO((BShgzahim!p{RZék&bﬂfweﬂ vBethandne
] oct-8-yl)

2- Azabi oy M5 BT Rediszgl Ty by Srazehialon A lost Sy IstheoBhe
| - Azabi
- o oySpIbd g EkhasRlugoNs LS ndacdky REDANA B2 Aok IR AIRASTE

- Benzoxadi- a.zeihcﬁzlo{y Q(lahapxa-)ﬁﬁz,am]mynioabcﬁaﬁﬂ 51yl]rﬂmlp1moﬁe yl ) met hanone
2- Azabi cycl o[ 2 nzoxadl azol - 5-yl ) met hanone 10

[2,1,3] Bé\ﬁ%%@&ﬂ &2d| heytvw@@% 3&%&11140@5?(3&2211 AALRAPBE 2. 2. 1

hept - 2-
}?- 2pAzab?/(b:)AEl%‘l[agagﬁeﬁ ﬂOCt 2 %’l(g 3 3] b nﬁ)xadmz ]] le)glfg]%o eazol 5-yl ) net hanone
S- 2- Azabi[eylcd] eﬁeﬁz&aﬁ]dzebﬁ-yﬂQexxa-Zaydb@c{;@Loﬂz B]l}liapﬂaigb}mdihazm& 5-yl ) nmet hanone
[11. Synthesis 1 un t.he invention, are
pref er ;bl ‘2 QZQP‘FV‘SBE&J ﬁ%@f{ Tyé)(lﬁ 6\17?/?%“0%%98% y&l"‘f ¢han8ET ve synt heses by
anal ogy rej yspﬁe&%xwaim%@geydfchﬁe&o-%h&&@cldgzQh%eﬁw -yBnffhanBBy be used.

Each conpound rmay be made using the describ synt hesi's by follow ng the
proposed RAekdabicyglofds2. b]’ﬂereﬁrteeé }ﬂ62él3ﬂrb9m2059dlmlk15ﬁ@)mﬁtmpn¢rodl fications in

art. The SRAREK G SymeNese 200 P o SRR sARRoBE s 2 1y moai Ti ed

within the scope of the present teachings. Acid chloride 4 is synthesized
starting with 4-am no-3-nitrobenzoic acid 1 by firstly oxidizing using

bl each t ollgbynshdsist er nedi ate 2 and then reducing with triethyl phosphite

(P( CEt)S) to give benzofurazan carboxylic acid 3. The carboxylic acid 3 was
transformed to the acid 25 chloride 4 by refluxing with thionyl chloride and

a cat al ytTie sgnmesié ofthe Bpdunhds of theiventib}E are preferably carried out by the following
Scheme. Alternative syntheses by analogy relying on methodology that exists in the art also
may be used. Each compound may be made using the described synthesis by following the
proposed chemistry as presented herein or by making minor modifications in the synthetic

20 chemistry relying on well known methods available in the art. The approach to synthesis is
rather facile and may be readily modified within the scope of the present teachings.
Acid chloride 4 is synthesized starting with 4-amino-3-nitrobenzoic acid 1 by firstly oxidizing
using bleach to give intermediate 2 and then reducing with triethyl phosphite (P(OEt);) to
give benzofurazan carboxylic acid 3. The carboxylic acid 3 was transformed to the acid

25 chloride 4 by refluxing with thionyl chloride and a catalytic amount of DMF in toluene. The
carboxylic acid 3 can be transformed into bicyclic amides 5 by reaction with aminobicycles
using standard coupling conditions like CDI, EDCI, HBTU in a suitable solvent.
Alternatively, acid chloride 4 can be transformed into bicyclic amides 5 under standard
coupling conditions with bicyclic amines in the presence of a base for example triethylamine

30 or aqueous sodium hydroxide, among others in a suitable solvent, for example
dichloromethane. The benzothiadiazole amides 6 are prepared from the commercially

available benzothiadiazole acid chloride under standard coupling conditions in the presence of



carboxylic acid 3 can be transformed into bicyclic amdes 5 by reaction with
am nobi cycl es wusing standard coupling conditions like CDI, EDCl, HBTU in a
suitable solvent. Alternatively, acid chloride 4 can be transforned into

bi cyclic am des 5 under standard coupling conditions with bicyclic am nes
in the presence of a base for exanple t¥iethylam ne 30 or agueous sodi um
hydr oxi de, anobng others in a suitable solvent, for exanple dichloronethane.
The benzot hi adi azol e anmi des 6 are prepared fromthe conmerci all avai l abl e
benzot hi aalbase Girexawpld taethyamine afadegous sadia pydrevidp in hepitbksdctieBh®rin t he

presence of 19 ..g.ba e tri ' di um hydr oxi de
in a sui t%?lg%sdé&\}%rﬁ% %F]%?}E. @gér?%llhge Eicléﬁfogglg%ﬂ%#g{deg%Pﬁeggx%fiﬁ)ge- 6- car boxylic
aci d chl ogdndénshfornsfRpamnescibly awilatle 8 giadiammobénzoieril witla klypxal\alldvedal ey

3, 4-di am nobenzoic acid with glyoxal followed by ref]luxing wth thionyl

chl ori de wfuxiag withdhiprylchiprdaand afatpytic AR O BN P g beiRgsfrrflagd

| de wlaing wabdhpeslshiandantd of(Eht ChE" Usbhignsaptiels
B s geaoRES. KEErRLat AR PRatp Al PR G el Ve ©

azabi cycl @gir@Sqifa85€bichdictimidés (TY CThY #@rrlative adabicseles asadprebenteal ti mi | ar
fashion using the appropriate azabi%%ple to couple with the carboxyx|ic
aci d chl ottiugwres 11 + &V Stsreade 10 asiroia fabmpr usingdbs-proropratagzapicygle tasonple wity N H

2 [/ 3l Nt]é%}lgogx_l%cpayd%ridg4.x\N Rz R3 0\ CHZmN 5,X0 4 6,X=S 7, X = C=C

10  Scheme

Q
N CO,H N COH N CO.H
0 —_— == —— O
Ho \N/ \N/
N
2 / 3

IV. Method of Treatment

15 According to one aspect of the invention, a method is provided for treating a mammalian
subject suffering from a hypoglutamatergic condition, or from deficiencies in the number or
strength of excitatory synapses or in the number of AMPA receptors. In such a subject,
memory or other cognitive functions may be impaired, or cortical/striatal imbalance may
occur, leading to loss of memory, dementia, depression, attention disorders, sexual

20 dysfunction, movement disorders, schizophrenia or schizophreniform behavior. Memory
disorders and learning disorders, which are treatable according to the present invention
include those disorders that result from aging, trauma, stroke and neurodegenerative
disorders. Examples of neurodegenerative disorders include, but are not limited to, those

associated with drug-induced states, neurotoxic agents, Alzheimer’s disease, and aging.



IV, Method of Treatnment 15 According to one aspect of the invention, a
nmethod is provided for treating a manmal i an subject suffering froma
hypogl ut amat ergi ¢ condition, or fromdeficiencies in the nunber or strength
of excitatory synapses or in the nunmber_ of AMPA receptors. In such a
subject, nenory or other cognitive furftions may be inpaired, or
cortical/striatal inbalance may occur, leading to |oss of nenory, denenti a,
depression, attention disorders, sexual zo dysfunction, novenent disorders,
schi zophrewsecosditionnprespadily eqognizedbankdirgnosedNeyithese of grdiparniekidl 18 8k¢ #kar ni ng

di sor der Sahd Wégtg&?ﬁgc?mltnés %fr%qgn ?Beﬂq%ﬁgﬁt% %gfeétﬂletag]%ug{ c?fiﬁx@tor lrrg;fg %rh]gcg.mdk ncl ude

t hose di sorders S agl ng, trauma, S € and neurodegenerative
di sor der siccdrdiappd &8 pedsemahventiogener at i ve di sorders include, but are not
limted to, those associated with drug-induced states, neurotoxic agents,

Al zheiner's disease, and aging. 20 These conditions are readily recognized
and. di A070SAG D13 AleRlolpiaVilesSihbthod for HdieAE or iHiShihg RRHIRAORY

adm nistering to e patient an effective anount of one or  nore conpounds
accor di nglepmsdidreinprsabeat havmgesath @ nonditidm canpr sneg adnsipstaringttd ereisnijecitanon
provides a nethod for reducing or inhibiti .respjir.ataor depression in a
subj ect HHRAUAYP %H‘pguﬁgﬂg&’tﬁ i"g'r‘??u E&ﬁ%%quﬁgg%%ﬁﬁlﬁhgﬁ%&tp%ﬁjuf%&{ ‘H‘Blsbétubj ect an
amount ofred; 9h. 2 AIRERLERRS ety ANB AmARL NS piNifiéFiopnt to reduce
or inhibf?$u?§§g?%§%gry depress?%%. In a furthérxgspectIﬁgﬁtheoinvention, a
met hod i sedqucongiod @thibiong respuolatorynigpressioménniyprisingpdiasigieriag ¢r the detge@sisi on

conpri si ng] adm ni steri n(ﬂ é&% t he sub{ ect an .i O.Em)unt of a conpound of the

i nvent( o MOHNS RSORROPBHO WRE FNVARIGHINLOBP AL | tB &N BP1als: KA WS i ncl ude
but are mofadsiyfE @bk Gre 4 iRHCAT, lirBchif sRlARMy, In @ further aspect, the
invention provides a nethod tfor reducing or 1nhiibiting breathing- related

sl eep disorders or sleep apnea in a subject having sleep apnea, conprising
15 admi nistering to the subject an amount of a,conmpound. of the jinvention,

t he anouﬁ@a%wﬁgaspgﬁf ed?\@ﬂbo‘ﬂ Brovidgs 2 ae di(%?nrrf?@)‘i‘“tm PranpibEnghreaihipg) at ed

st eep di 385 deticcd dsdiersRE SREprcR YERLIbHR: by FERNBHOE hgent conpri ses
adm ni ster?ng te%FJ t ?le s&bj ectglplépne neecijbge{‘attre ne ?9 ?r’] %&Bﬁgr%‘éceuti cally
acceptsablaémousterirgrtp tiansubfeceat ameurd oba camuprfund o2 thedovanoomdhé ambung belng For nul a
A bel ow

suqﬁcient to reduce or inhibit the breathing related sleep disorder.

In the present invention, the method of treatment comprises administering to the subject in
need of treatment, in a pharmaceutically acceptable carrier, an effective amount of a

20 compound having the Formula A below:

0]
CH,n _CHyp
/N\ x\ N, 2 4— R3
W G
NN 22 Rz 1 F
N Y~ /
E
A

wherein:

5 Wis oxygen, sulfur or CH=CH,

X, Y and Z are independently selected from the group consisting of -N, or -CR,
wherein:

RisH, -Br, -C, -F, -CN, -NO3, -OR, -SR', -NR'5, -C{-Cg branched or un-branched alkyl,



CHzZn CFizP N X~ NGR3 Ny* WR2Z F E A wherein: 25 Wis oxygen, sulfur
or CH=CH X, Y and Z are independently selected fromthe group consisting of
-N, or -CR,  wherein: Ris H -Br, -d, -F, -CN, -N®, -OR, -SR, -NR12,
-C -C6 branched or un-branched al kyl, 21 which may be un-substituted or
substituted, wherein: R is H, -Cl-C6 ¥ranched or un-branched al kyl which,
may be un-substituted or substituted, n =0 - 5 (such that fromO to 5

nmet hyl ene (F:‘)‘roups are present) 5 m=0 - 5 (such that fromO to 5 nethyl ene
groups ar Whish axghen-sybstitged ossybstifetsds hat from 0 to 5 met hyl ene groups are
present) nd R3 are each independently selected fromH, a hal ogen

(preferab yer , -CN, -N®2, -OR,-SR, -NR12, CF3, OH C=0 a -Cl-Co6
branched Rt isun-0f anchresthad kyhn-brtied alkgy haichfap b si-sibstiodedsr sabhitited,ut ed, a
-C2-C6 branched or un-branched al kenyl, which may be un- i o substituted or

substi t uted, -8 (st 0 feoranch édnaliylemr-gosupsakegdesehynyl , whi ch may be un-
substituted or substituted, a % C7 cycl oal kyl V\Ti ch may be un-substituted
or subst i Bt @d? (saxﬁhtk%;errn\,Qﬁoénm YIePeGHRSAIB BTS¢ ed or substituted , a

het er ocyc) e qwhy &nclgg.%g% ?ﬁlpgﬁb%quth%}gﬁggups fe ﬁx%?e?&)i tuted, a carboxyal kyl

whi ch may be un-su or su ut'ed, a carboxyaryl which nmay be

un- subst i RidndR’are sachstdeperidedtly selectaddfoony He b rlogeny (prefhiably HpaCNieNO>,

un- subst i tutled 15 or, substituted, a sulfonylal kyl which nmaybe un-substituted
or substitQR edR a-NRi2f 61 @Hy C=Owii €hCehyanpled aruaciyanched ekl athidiupat ba ut ed

or a sulfonyl heteroaryl which may be un- substituted or substituted, E and F

are each VheHbsdHErdor sUbsEBIteh £ aH2 {odrnsheher wrrached alkeppl \Whishmay®e Wyr- ar e

10 substituted or substituted, a -Cp-Cg branched or un-branched alkynyl, which may be un-
substituted or substituted, a -C3-C7 cycloalkyl which may be un-substituted or substituted, an

aryl which may be un-substituted or substituted , a heterocycle which may be un-substituted
or substituted, a carboxyalkyl which may be un-substituted or substituted, a carboxyaryl
which may be un-substituted or substituted, a carboxyheteroaryl which may be un-substituted
15 or substituted, a sulfonylalkyl which may be un-substituted or substituted, a sulfonylaryl
which may be un-substituted or substituted or a sulfonylheteroaryl which may be un-
substituted or substituted,
E and F are each independently selected from CH,m, CR°R* , A, CHA, CR*=CR® or are
absent, with the proviso that E and F are not both absent;
20 Gis CR’R’, A, CH,A, CR*=CR’, CH,C=0, CH,CR’R’, or absent,
Ais 0,8, SO, SO,, C=0 or CR’R%;

or a pharmaceutically acceptable salt, solvate, or polymorph thereof.
In a further aspect of the present invention, the method of treatment comprises administering

25 to the subject in need of treatment, in a pharmaceutically acceptable carrier, an effective

amount of a compound having the Formula I below:

30



absent, with the proviso that E and F are not both absent; 20 Gis CR2R3, A
CHZA, CR2=CR3, CH2C=0O, CH2CR2R3, or absent, Ais 0, S, SO S02, C=0 or
CR2R3; or a pharnaceutically acceptable salt, solvate, or polynorph thereof.
In a further aspect of the present invention, the nethod of treatnent
conprises adninistering 25 to the subjZct in need of treatnent, in a

phar maceutically acceptable carrier, an effective anount of a conpound
having the Formula | below. 30 22 ON X CH2n flh® i N WNY RZ Y CH2m
wherein: Wis oxygen, sulfur or CH=G, X, Y and Z are independently

sel ected fromthe group cons'Hs\ti -NCHat_ R 5 wherein: Ris H -Br,
-, -F, -CN, -NO&2, -OR, (ﬁ ; 2, NC1- branched or un-branched al kyl,
whi ch may be un-substitutedor=lsub ituB - reinn. R1is H -C1-C6
branched or un-branched al kyf“ whith maybe cmymsubstituted or substituted, io
n=0- 5 (such that fromO to 5 nethyl ene groups are present) m=0 - 5
(such that fromO to 5 nethylene groups are present) p =0 - 5 (such that
from O t oWBergiBt hyl ene groups are present) R2 and R3 are independently
selected fromH, a hal og&n é referably F), -CN, -NO2, -OR, -SR, -NR 2,
CF3, OH, WepxygencspliepontHy %éd or un-branched al kyl, which maybe un- 1 s
substi t ut £ g - br 1 al kenyl , whi ch
may be unj-?’dgg %?%ﬁlﬁg%gg&éﬁge%g@ﬁg%g@%@%ﬁ?h@%@dn-branched

al kynyl, whdreh: may be on- substituted or substituted, a -C3-C7 cycl oal kyl

U cubst 1 ¥tk Pl Chabsti o, -8 ek oriofer Gl g bneny ot BRI A but ec

which may be un-substituted or substituted,

wherein:

R' is H, -C-Cg branched or un-branched alkyl which may be un-substituted or substituted,

10 n=0-5 (such that from O to 5 methylene groups are present)
m = 0 - 5 (such that from 0 to 5 methylene groups are present)
p =0 -5 (such that from 0 to 5 methylene groups are present)
R%and R* are independently selected from H, a halogen (preferably F), -CN, -NO», -OR',

-SR', -NR12, CF3, OH, C=0, a -C|-Cg branched or un-branched alkyl, which may be un-

15 substituted or substituted, a -C-Cg branched or un-branched alkenyl, which may be un--
substituted or substituted, a -Cp-Cg branched or un-branched alkynyl, which may be un-
substituted or substituted, a -C3-C7 cycloalkyl which may be un-substituted or substituted, an

aryl which may be un-substituted or substituted , a heterocycle which may be un-substituted
or substituted, a carboxyalkyl which may be un-substituted or substituted, a carboxyaryl

20  which may be un-substituted or substituted, a carboxyheteroaryl which may be un-substituted
or substituted, a sulfonylalkyl which may be un-substituted or substituted, a sulfonylaryl
which may be un-substituted or substituted or a sulfonylheteroaryl which may be un-
substituted or substituted, or a pharmaceutically acceptable salt, solvate, or polymorph
thereof.

25
In a further method aspect of the invention azabicyclic compounds represented by structure II

are preferred to be used in the method aspect:



or substituted, a carboxyal kyl which may be un-substituted or substituted, a
carboxyaryl 20 which may be un-substituted or substituted, a

car boxyhet eroaryl which may be un-substituted or substituted, a

sul fonyl al kyl which may be un-substituted or substituted, a sulfonylaryl

whi ch may be un-substituted or substitu®¥ed or a sulfonylheteroaryl whi ch may
be un- substituted or substituted, or a pharmaceutically acceptable salt,

sol vate, or polynorph thereof 25 In a further nethod aspect of the

i nvention azabicyclic conpounds represe ted by structure H are preferred to

be used in the method aspect: 23 c WN 11 NY~ R2 CH2m Rs
Il wherein: W X, Y and Z ar ’a‘s de?‘r nedN

ture I n=0-55 nr0-5
p=0-4 and R2 and R3 are as dey d fer sty J, or a pharmaceutically
acceptabl e salt, solvate, ynDth t her e6f,ni In yet a further nethod
aspect of the invention, preferred enbddi ments i ncl ude conpounds

represent“elgergx structure Il11: O X .CHZzn COHzZp :'"~WN\ NR3 NY ZRZA

W, X, Y and Z are as defined for structure I
n=0-5
s m=0-5
p=0-4
and R? and R’ are as defined for structure I, or a pharmaceutically acceptable salt, solvate, or

polymorph thereof.

10 In yet a further method aspect of the invention, preferred embodiments include compounds
N ﬁr)e‘
I
\ /
N

W, X, Y and Z are as defined for structure I
15 Ais0,S, 80, S0, C=0 or CR’R’;

n=0-5

m=1-5

p=0-5

represented by structure I

wherein;

and R? and R’ are as defined for structure I, or a pharmaceutically acceptable salt, solvate, or

20 polymorph thereof.

In yet a further method aspect of the invention, preferred embodiments include compounds

represented by structure [V:



CHZm 111 wherein: W X Y and Z are as defined for structure | 15 Ais O,
S, SO S02, C=0 or CR2R3; n=0-5 nrl-5 p=0-5 and R2 and R3 are as defined
for structure I, or a pharnaceutically acceptable salt, solvate, or 20

pol ynmor ph thereof. In yet a further nethod aspect of the invention,
preferred enmbodi nents include conpounds 2#represented by structure IV: 24 O
CHn CCH2ZP N\ NYLI R3 WY.~Z R CHzm |V wherein: W X, Y and Z are as
defined for structurel Ais 0, S SO 502 C=0 or CR2R3; 5 n1-5 n¥El-5

p=0-5 and R2 and R3 are as deflned for structure |, or a pharmaceutically

acceptabl e salt, solvate, er,‘é'bﬂ ‘b Conpounds according to

the present i nvent| on exhi b| t n‘h nc bi b' afdity in nost instances

due, at least in part, to enh pbgr magaktnetics exhibited by the present
CHm

wherein:
W, X, Y and Z are as defined for structure I
Ais O, S, SO, SO,, C=0 or CR’R?;

5 n=1-5
m=1-5
p=0-5

and R% and R are as defined for structure [, or a pharmaceutically acceptable salt, solvate, or

polymorph thereof.

Compounds according to the present invention exhibit enhanced bioavailability in most
instances due, at least in part, to enhanced pharmacokinetics exhibited by the present
compounds. Accordingly, the present compounds may be favorably formulated into
pharmaceutical compositions in a variety of dosage forms, and in particular, oral dosage

ts  forms.

As noted above, treatment of a subject according to the method of the invention is useful for
enhancing AMPA receptor activity, and thus may be used to facilitate the learning of
behaviors dependent upon AMPA receptors, and to treat conditions, such as memory

20 impairment, in which AMPA receptors, or synapses utilizing these receptors, are reduced in
numbers or efficiency. The method is also useful for enhancing excitatory synaptic activity in
order to restore an imbalance between brain sub-regions, which may manifest itself in
schizophrenia or schizophreniform behavior, or other behavior as described above. The
compounds administered in accordance with the method have been found to be more effective

25 than previously described compounds in enhancing AMPA receptor activity, as shown in the

in vivo tests described below.

V. Biological Activity
A. Enhancement of AMPA Receptor Function In Vivo.




conpounds. Accordingly, the present conpounds nmay be favorably formulated
into pharmaceutical conpositions in a variety of dosage fornms, and in
particul ar, oral dosage 15 forns. As noted above, treatnment of a subject
accordi ng to the method of the invention is useful for enhanci ng AMPA
receptor activity, and thus maybe used £d facilitate the |earni ng of

behavi ors dependent upon AMPA receptors, and to treat conditions, such as
menory 20 inpairment, in which AMPA receptors, or synapses utili Zi ng these
receptors, are reduced in nunbers or efficiency. The nethod is al so useful
for en han@'yﬂﬂm@f&‘pﬁ)ﬁ’ée@ %dﬂﬂ@%@@ebéﬁt&ﬁ aﬂe’?ncr@d’s@?ﬁccbfﬂlﬁg?@)ttﬁé fegddiofbal ance
bet ween brain sub-regions, whi may manifest itself in 'schizophrenia or
schi zophrelmmmnmb,ehmgnkmrqoanOdMBWﬁsthhwmr as descri bed above. The
conpounds adm ni stered in accordance with the nmethod have been found to be
nore effective 25 than previously described conpounds in enhanci ng AVPA
receptar §sids mowW. V.

Bi ol oglc%caﬁ%ie%}:%?%hﬁ 210%mngrﬁ%gsn%mntﬁe 1(?Ivghn\éh\éemgcept (‘)N% ?f:%%ﬂgg?g‘ﬁpfln Vivo. 25
Synapti ¢ resgiensesammdis ate@ddiby totiPAliedeppocaivarse Anmmaleaseemalawmddindgr to the

met hod of the inventi t he conpounds.. descri bed he

el ectr oph)‘?g?sg'leélélbé’é’ﬂe%%%fi@étﬁz Cg‘%n’tsf?écq ‘fﬂr}%rﬁuﬁ%m ltSBWd’él%Eng&‘PE&n‘?n Vi vo
in  anest hebidedeiaiidmes %e@&%ﬂé&'lﬂﬂ&th%%eﬁf&%mf&'tﬂ A draly @eederigs. Aninmals are
mai nt ai ned under anesthesi a rf:ge@enobar bital adm ni stered umgg( a Ham | ton

syringe plhmpocz@nnmeazqchgeln&nce bP@FiSﬁge imipdantedo 8 slgblgrbasqling of eeakeint o t he

per f or ant ath and nt ry of the o) [es ectlv ce

bl ect r GaeSRarief s e els rlhopade PERTOTR et FERFEL ¥Rdea e
elicited ygghindo SHengihfiliRBRRRA6HE Fld BRSPS ak0hofitdrell Siftigtatle Bﬁls)chﬂ@isl vered at
3/mnto the stinulati ng electrode. Field EPSPs are nonitored until a stable

basel i ne |aghle\eﬁéwatwéa0(3 mml aﬁ@rmcwnqlun@mféestwwxﬂ isgUestedon of test

conmpound i y and eI d te

recorded. " tggéa(ﬁg' k%ﬁ\%e!at ogeeng cf‘éedrec? ?e BIFedxporr%’}ﬁg?% le% ﬁea%c}eﬁow ng
drug admi &’dr%bﬁ@khﬂé‘tel@@ mﬂ@ulbwlﬁgfmugﬁmhﬂntsud@orpérdnhemfelaﬁipdnﬂewﬂ&ﬁdl@wsns to
baseline. In the latter instance, it is common that an iv adm nistration is

al S0 CHr r Fems ipaselinenIndthe latisr isianes; i isiensemeyt theban iy administsationdsrploe Aaied
I nventi on o Moynngppropnra?e iz %yﬁlcei same test compound. Invention compounds were assayed

in the in vivo electrophysiology assay described above and data for representative test
compounds is shown in column 1 in Table 1. Compounds of the invention are significantly
more active in increasing the amplitude of the field EPSP in the rat dentate gyrus following
20 1.p. dosing than CX516 (1-(quinoxalin-6-ylcarbonyl)piperidine; US patent 5,773,434,
US2002/0055508) which gave a 9% increase in amplitude of the field EPSP at 50 mg/kg i.p.

Table 1
Compound Example 'In vivo *Inhibition of d-
Number Electrophysiology Amphetamine Stimulated
Locomotion
1 22% 69%
2 16% 40%
3 8% NT
4 25% NT




in the in vivo el ectrophysi ol ogy assay descri bed above and data for
representative test conpounds is shown in colum 1 in Table 1. Conpounds of
the invention are significantly nore active in increasing the anplitude of
the field EPSP in the rat dentate gyroszﬁfol lowi ng 20 i.p. dosing than CX516
(1- (qui noxal i n-6-yl carbonyl ) pi peridi ne; "US patent 5,773, 434,

US2002/ 0055508) whi ch gave a 9%| ncr ease |n arrpl i tude of the f| eI d EPSP at
50 ng/ kg i.p. SHHE V-6 L d- Nunber
El ectrophy3| 0 ' ‘ 6% 40% 3
8% NT 4 25%, N%B&}ease?m %@%Md&om%ﬁbmep@asme aeataﬁe @ﬁusampt @tlu-dﬂ ncpf the field
EPSP in the dentate gyrus of rat @I Ompk i. 2. % I nhibition of

d- anphet am n at 3. Dosed i.v. NT
= Not test ed? 5} %HHE og\gllf%@’gﬁgwge%@ﬁ%ﬂo%ﬁtﬁﬁglﬂl%n@g?m%kl mphet ami ne

Stimul ated Loconotion The ability of the invention conpounds to inhibit

d- Anphet am n& Poediit-at ed | oconotor activity was assayed according to the
foll owi ng procedure. Male CD1 nmice, 25-30 gmbody i o weight, were brought
into the expemi=epfeadd room and all owed at |east 30 min of acclimtion. Each
nouse was placed into the testing enclosure with an infrared beam array that
automatically nonitors the animal's activity. Mce were habituated in the
testi nd enclosure for 20 min, and then returned to their home cage. Mce
wer e dosed | atdd 13RBEBREA at € vehicle 5

m nut es bef s after

d- Anphet am ne injection, mce were tested for | oconpbtor activity for a total

of

The ability of the invention compounds to inhibit d-Amphetamine stimulated locomotor
activity was assayed according to the following procedure. Male CD1 mice, 25-30 gm body

10 weight, were brought into the experimental room and allowed at least 30 min of acclimation.
Each mouse was placed into the testing enclosure with an infrared beam array that
automatically monitors the animal's activity. Mice were habituated in the testing enclosure for
20 min, and then returned to their home cage. Mice were dosed intraperitoneally with test
compound in appropriate vehicle 5 minutes before d-Amphetamine injection (2mpk). Ten

15 minutes after d-Amphetamine injection, mice were tested for locomotor activity for a total of
15 minutes. The data was computer collected and expressed as "arbitrary movement units."
All data were analyzed by comparing the groups treated with the test compound to the vehicle
control group. The data for test compounds is shown in Table 1, column 2. The data shown is
the % inhibition of hyperactivity induced by acute administration of 2 mg/kg d-amphetamine

20  in mice. The compounds tested produced a statistically significant inhibition of d-

amphetamine stimulated locomotion.

VI Admuinistration, Dosages, and Formulation

25 As noted above, the compounds and method of the invention increase glutamatergic synaptic

responses mediated by AMPA receptors, and are useful for the treatment of

hypoglutamatergic conditions. They are also useful for treatment of conditions such as
impairment of memory or other cognitive functions, brought on by a deficiency in the number

or strength of excitatory synapses, or in the number of AMPA receptors. They may also be



15 m nutes. The data was conputer collected and expressed as "arbitrary
novenment units."” All data were anal yzed by conparing the groups treated
with the test conmpound to the vehicle control group. The data for test
conpounds is shown in Table 1, columm 27 The data shown is the % inhibition
of hyperactivity induced by acute adninfstration of 2 ng/ kg d-anphetam ne

20 in mce. The conpounds tested produced a statistically significant

i nhi bition qf anphet anj.ne. stjnmul ated.| oco i 0 V ] N tion,
Dosages, 4if “Fﬂ’?ﬁ%ﬁ%@gg}sfglzﬂghrﬁ%‘?é)ﬁls‘g‘b@\?&e%%n g%hr%i(%rrl gma%cf?o tlr;lge hod of the
i nvent i ongd el RRHe1 HhbiAEBL £1dTh CacHitARd d fearfii@ POBERSIoRdpaident uppn ANEPA
receptors, and are useful for the treatnment of hypogl utamatergic

condi ti ongceplorey are al so useful for treatment of conditions such as

i mpai rment of nenory or other cognitive functions, brought on by a
deficiency in the nunber or strength of excitatory synapses, or in the
nunber sof [AMBACIeRaRH it thd PRYentBympbisds phaRnaceutiaticdmpdsiiens aahmethots of

schi zophreni a or schi zophreni f orm behavi or, resul tj ng f.rom

corti cal / Bemoat il othersagH e fungiensimay bedmppired reATtSH ?%EP%MGFC may

behavi or Sggcggqgaglg{g tgﬁ§£ r(])égﬂgeﬁor%%ﬁﬁgﬁt?z{ ﬁgl?r ssldd, ﬁ%ﬁ@ﬁﬁ%oﬂeﬁ%&qaw th the

present cOnpoun r i¢al conpositions and nethods nenory or ot her
cogni ti vedjsfitetibonsovemenbéisordps] sceidophremiont sohidophrenifartrabetiamival Mermerymay
occur, leading to |loss of nenory, denentia, depression, attention disorders,
sexual  dyisedpEEné isanyey diseidersdivhish aertieatablerosping da e REFSeRLIAVSHIORr eni f or m
behavi qgr. . | .SOr | I.SO, j tJ.eat abl e
accord'i(angllﬁlggﬂés%?ggﬁﬁgqﬁ%&%ﬁ i%ﬁf?gg %Q?rﬁg*“ad%‘%? Fl(%rslde |r§%rg eéri"%t tehat resul t

f rom agi n@isolde@UPBamfity sTitRuddegdnetati0¢ldigaders atdlde, bitiasonatdinsitedtx ahpdees of

neur odegenerative disorders include, but are not limted to, those

associ at eassagigthd withglragnduesd siates peurolguigRgeT% i dzheiapt disegssed peinesThfsg ease,
and agi ng it . iJ i i ; y those
o or di naysyRLERS pre S b b8 ind FABI SRR A A AUCRERLY | ant an
ef f ecti vetreai@lisyt adiiinBte@ingto 1 petian ap effertive imoamadivde ngmbee dongopndss ent

i nvention. Ceneral]y, dosages.and routes of adm nistration of the conpound
will pé dacerdingiedhe eyt BVAY'YP the size and condition of the subject,
according to standard pharmaceutical practices. Dose |evels enpl oyed can

vary widely, and can readily be determ ned by those of )
Generally, dosages and routes of administration of the compound will be determined

according to the size and condition of the subject, according to standard pharmaceutical
practices. Dose levels employed can vary widely, and can readily be determined by those of
20 skill in the art. Typically, amounts in the milligram up to gram quantities are employed. The
composition may be administered to a subject by various routes, e.g. orally, transdermally,
perineurally or parenterally, that is, by intravenous, subcutaneous, intraperitoneal, or
intramuscular injection, among others, including buccal, rectal and transdermal
administration. Subjects contemplated for treatment according to the method of the invention

25 include humans, companion animals, laboratory animals, and the like.

Formulations containing the compounds according to the present invention may take the form
of solid, semi-solid, lyophilized powder, or liquid dosage forms, such as, for example, tablets,
capsules, powders, sustained-release formulations, solutions, suspensions, emulsions,

30 suppositories, creams, ointments, lotions, aerosols, patches or the like, preferably in unit

dosage forms suitable for simple administration of precise dosages.



20 skill in the art. Typically, amounts in the mlligramup to gram
quantities are enployed. The conposition may be adm ni stered to a subject
by various routes, e.g. orally, transdermally, perineurally or
parenterally, that is, by intravenous, subcutaneous, intraperitoneal, or

i ntranuscul ar injection, anong ot hers, F%cludlng buccal rectal and
transdermal adm nistration. Subjects contenplated for treatnent accordi ng
to the method of the invention 25 i ncl ude humpans, . conpani on %%IWH|S

| abor at or Phamasgutisal eomposKiens paeardingiofhe Bresesh Ve iANAORIPRS HhE %Wﬁ&ﬁ’ﬁﬂ%t
according Lg { gdg&{e%%%udd; g&ghlﬂg édé‘ﬁl% 8?61‘5& 1&%‘?1%&95&& fcaldPincRide g€M - sol i d,

| yophi | i zed po I qui suc or exanple, tablets,

capsul es, cpRwgssal pEatafaddunied-dafriee as exdigiennahdiriag taddltxsmdllytmdnéq otberspedisinalns,
emul si ons, 30 suppositories, creans, ointnents, Oél ons, aeros léé }Pa ches

or the |iReentpeamersapdiyvanis afditivesaad fidikeoF referablys WecampPRILY
adm ni str gty t&?ng}f \)p ?%htsc?r rg&%%ggéomé&nfd%?%rﬂﬁ&ﬁf& be e itviReS Wioe according

to the presen iFon conprise a fective amount of one or nore
conpounds rafgnddlicogsistingtesenpulbseisuitibiy pirrinereution ekgipicot| For dralc| ude a

conventi onal  pharmaceutical. carr r exm |ent an ddi ti onal |
i ncl ude o@ﬁ’@%ﬂeﬁ@&f’ﬁ’l SHER eXCIjEnit é“d‘lf’ﬁlp frgjageut a fgipdsse gmaﬂ%]&fq agieEe, gﬁﬁph%/he

l'ike. Prefgr gﬂpsllLYm éfegl%tec%ﬂ?%'sﬁécﬁﬁhﬁ@ ticuRE calRNdde, élu@os%hée@atlzﬁ%d%’seml ght or

nmore of a conmpound or ¢onpounds of the invention the remal nder
consi st i ngnagsssinh icalbbyatefang dict léts) Hdphmdnﬁac eqmpwﬂloremey plise pergain myinonr 3
adm ni stration, uch exci pi.ents IQ?((:‘ ude phar naceut i ﬁdes of .mannitol,

| act os&, §f“£f”&tﬁ° QRIS EHTALY Bubsiapess sUGis %ﬁ:@?ﬁ@ PR ass%8f I ul ose,

gl ucose, ggkmaliin, sucrose, nagnesium carbonate, and the like. If desi red,
t he conposition may al so contain mnor to anounts of non-toxic auxiliary
subst ances such as wetting agents enul si fying agents or buffers. Liquid

conpositi epar Vi n di sp the

(about 0. S95uif EPrapsiona0es By Py iaipiest oSes Hedtmp hETARRL o o

adj uvant s o hﬁbu@2@%rﬂy'v@é?ght%¥'%ré35and iohA phA¥ARtRal AAHAAKSinTAdaki@, slRAUEOUS
dextrose, glycerol, "or ethanol, to form a sol ution or suspension. For use in

oral | ISqU|f@t qaaleap@r adquicows salihe aamsdﬁxtw@n gmyrothearpﬂ@p@k tedfors aasob»@lomor on,

t h
ar 1 6d T or Aieryerh FgF usedh ofd i ol oPof e fosfishigry it S FEIeH ne
conposi t i @ikpkiSsiHYRIRAYEsh, bisyirlie bEik Rusilied @lthdl iPTiEa Terhi SNBdriedr fofth @hitable

adm ni strati on,
for hydratlon in water or normal saline.

20 When the composition is employed in the form of solid preparations for oral administration,
the preparations may be tablets, granules, powders, capsules or the like. In a tablet
formulation, the composition is typically formulated with additives, e.g. an excipient such as a
saccharide or cellulose preparation, a binder such as starch paste or methyl cellulose, a filler, a
disintegrator, and other additives typically used in the manufacture of medical preparations.

25
An injectable composition for parenteral administration will typically contain the compound
in a suitable i.v. solution, such as sterile physiological salt solution. The composition may
also be formulated as a suspension in a lipid or phospholipid, in a liposomal suspension, or in
an aqueous emulsion.

30
Methods for preparing such dosage forms are known or will be apparent to those skilled in the

art; for example, see Remington's Pharmaceutical Sciences (17th Ed., Mack Pub. Co., 1985).



the preparations may be tablets, granules, powders, capsules or the like. In
a tablet formulation, the conposition is typically formulated with
additives, e.g. an excipient such as a saccharide or cellul ose preparation,
a binder such as starch paste or nethyl,cellulose, a filler, a

di sintegrator, and other additives typlcally used in the nanufacture of

nmedi cal preparations. 25 An injectable conposition for parenteral

d
Zorut on, TRhEBisepey B Bl M BoflE aRpRRAP Oftne el U AE £ 0

al so be f grariaeduidalseffect usaansit for effecting ingreased AMIPW sqieplor partknts m 2a
|'i posomal suspension, or in an aqueous emulsion. 30 Methods for preparing

such dosa§®i¥hrns are known or will be apparent to those skilled in the
art; for exanple, see Remi neton's Pharmaceutical Sciences (17th Ed., Mck
Pub. Co., 1985). 29 The conposition to be adm nistered will contai n a

quant i tsy The thRwesd €ahpdesd hngatertoit are rt 1rpdnﬂedrmytwayad> Ih;m@hé amenu@l anount
for effecting increased AMPA receptor currents |g508 %e[\

fol | owi ng L@J@amqhe@mq steed. raditempRiBtUERs @re gy en ideHE ?lﬁ“%l myﬂte&vwm t the
i nventi on e sﬁ@%( Eiﬂ t}féfrp G rinbrdegr ees
Cel si us. hj Ig%'p\%g@e%% %1 te eﬁ%eftrg g pg@g@g& gfde‘i%{&o H NM R speét ra and
wer e obt auaﬂ&atea DMSD@@ ealhbmmfngnmamthmlaneamledtewmamar@omemne&xs‘.‘ i ng

tetranmet hyl silane as an i nternal standard. Al nane Ie C ounds
conform t XPWA@"W@MIC%@F‘B t%m@%@éﬁlﬂyrqaﬁér%’b%ﬁ&yé?e %‘H’F‘ %r\;p
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2,1, 3- enzoxa Iazo oxylic acid 0 N~OH ON / In a 3 L reactor
fitted with mechanical stirring, reflux condenser, thernoneter and nitrogen

inlet, KOI-| éﬁ%wﬁ%ghm,rﬁl&ﬁgl ved in ethanol (250 m) and water (250 m).

4- Am no-

INTERMEDIATE 1
15 2,1,3-Benzoxadiazole-S-carboxylic acid
(0]

/ND/LOH
o)

AN~

N

In a 3 L reactor fitted with mechanical stirring, reflux condenser, thermometer and nitrogen
inlet, KOH (72.46g) was dissolved in ethanol (250 ml) and water (250 ml). 4-Amino-3-
nitrobenzoic acid (100g) was added and the orange suspension was heated to 65-70°C within

20 30 minutes. The resulting suspension was stirred at the same temperature for 45 minutes and
cooled to 0°C +5°C within 30 minutes. A commercially available (13% w/w) solution of
sodium hypochlorite (448.93g) was added drop wise within 1.5 hours at 0°C +5°C. The
reaction mixture was stirred at the same temperature for 2 hours and controlled by TLC
(CHCIl; 100/ acetone 2/ acetic acid 1). Water (350 ml) was added within 15 minutes at 0°C

25 +5°C to give a fine yellow suspension. The reaction mixture was then acidified with a 6N HCl
solution (239 ml) until 0.5 < pH <1 was reached. NaCl (58.44g) was added and the resulting
suspension was stirred at 0°C +5°C for 1.5 hours under nitrogen. The solid was collected by
filtration, washed with 3x400 ml water and dried (40°C, 30 mbars, 12 hours) to yield 83.6g
(88.8% yield) of 2,1,3-benzoxadiazole-5-carboxylic acid N-oxide.
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ni trobenzoi c acid (100g) was added and the orange suspension was heated to
65-70C within 20 30 mnutes. The resulting suspension was stirred at the
sanme tenperature for 45 mnutes and cooled to OC +5C within 30 mnutes. A
comrercially available (13% ww solutigp of sodium hypochlorite (448.939)
was added drop wise within 1.5 hours at 0OC +5C. The reaction m xture was
stirred at the same tenperature for 2 hours and controlled by TLC (CHC13
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a black 69-P<gHS)ghhe agneeus phassovan spparated arftiexdragted witheetnil neciate (R240a% r act ed
with ef hylrhré‘%@tf P?P%‘sﬁ%m@ﬁﬁg@% g'yllg?l)%rgé'tlt& Rhase vasg ext Lagrad, with

850 m wate aqueous phase Was™ separ at ed

and ext r aclicaysndllizntioh ta.y the@eﬂb‘aﬁneoc(uw BAQhIWgs. filfefed DTLarRicHHRAYS0°10)) 36 ﬁhbwéi 12
acidified (78 mM 6 NHC) to 1<pH<2 at 5C +2C which resulted in the
crystal | i 2a¥mbia végld éﬁéé%‘tq/owe Sdut-Penzgradigroliascarberydic agidomp M- Heli'ed

40C, 30 9

51 3 benzaia Soal e BA MUY IE8 b P28 GHE KSR 10,07 Qe ve

DIVBO) 6 18d,8H;3$= W¢Hz).8.57 (s, 1H); 8.56 (d 1H, J 0.6 Hz); 7.87 ppm (d,
1 H, J|5: 0.6 Hz). 15 INTERVEDI ATE 2 2,1, 3- Benzoxadi azol e- 5- car bonyl chl ori de

INTERMEDIATE 2

2.1.3-Benzoxadiazole-5-carbonylchloride

O

N

= Cl
N

N

In a 500 ml reactor fitted with mechanical stirring, thermometer, addition funnel, reflux

20 condenser and nitrogen inlet, 2,1,3-benzoxadiazole-5-carboxylic acid (28 g) was suspended in
toluene (245 ml). To this suspension was added thionyl chloride (39.4 g) and DMF (0.35 ml).
The resulting mixture was heated to reflux and maintained for 3 hours. A short pass column
was installed and toluene was distilled (atmospheric pressure, 124 ml) off to remove excess
reagent. After cooling the remaining toluene was distilled off, which resulted in a thick oil.

25 This oil was distilled (90°C, 2mm Hg) to remove impurities and the product crystallized on
standing (79.8% yield), mp: 55-58°C.

EXAMPLE 1
8-Azabicvclo[3.2.1]oct-8-v1(]2,1.3]-benzoxadiazol-5-vl )methanone
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O ON/ NomC In a 500 m reactor fitted with nmechanical stirring,
thernoneter, addition funnel, reflux 20 condenser and nitrogen inlet,
2,1, 3-benzoxadi azol e-5-carboxylic acid (28 g) was suspended in toluene (245
m). To this suspension was added thion%ﬁ chloride (39.4 g) and DVF (0. 35
m). The resulting mxture was heated to reflux and nai ntained for 3 hours.
A short pass columm was installed and toluene was distilled (atnospheric
pressure, 124 nl) off to renpve excess regagent. After cooling the remaining
tol uene was distilled off, which resulted|Jn a thick oil. 25 This oil was

LE

distilled (90C, 2nm Hg) to renove N jEggxthe product crystallized on
oxadijazol - 5-vl ) met banone 30 31 0

standi ng (79.8%vyield), np: 55-58¢
8- Azabicvel ol 3. 2. Il oct-8-vl ([ 2,1, 3% b

N/ N ON To a solution of tropane (2.5g, 20 mmol) in toluene (80 m) was
sl owl y added spifign of tropang ¢hbpr2denmyl) i ielusne f & mhtvees slovlpdded42.2. 24l ) and
Na2C33 (1,5 1 .~ Th ] XL UL, was, he 0 V. i . e
Sof ut on aSesgimdaRick pune Pepbrge MES dFENRRC) 2k S ED TP kel 'S,
(100 M) anenddeA@4 106 “Qldverhightcadiaon wifieoodkddarodm piaseeatures ettlyl aedtatey er
sodi um sul fate, and concentrated under vacuun1toﬁéield 9.3g colorless oil.

The pr écebisAaniprveaterdd 09 s Rang)Hages (B BH@) wetp addedriihe osgani phagsWangie:Nsr (50
m), and -eshl r f.ol by formc acid (5
m). The ﬁ$§§ﬁFg¥ﬁ§§ﬁeg%ﬁ%?éaééyné%g%%?ﬁ%%%?%?%?éC?%bg%gghinutes bef ore
filteringThbpresalingsroaind (&3 gponatissidvddia THF ($0mipaid methatol {I®mi), anemai ned.
Concentrat ed sodi um hydroxi de solution was added until BH 10 was reached

and the nitgghly erepaced 4ACa Lag) wascasdest foflewad by fromiA acidpgmpnEhomigdiiecYashas e

Sol uth on 51t FBT gkl I SR RE AR RS BRORREAR 01y

chl or ofpor gal¢e2® umiil)~10shireindinedf C&icentrated sodium hydroxide solution was added until pH

10 was reached and the mixture extracted with chloroform (100 ml) and the organic phase
dried over sodium sulfate. Triethylamine (2ml) was added followed by a solution of [2,1,3]-
benzoxadiazole-5-carbonylchloride (0.5g, 2.73 mmol) in chloroform (20 ml), slowly. After
stirring the mixture for 20 minutes, water (100 ml) and H,SO,4 (= pH2) were added and the
15 aqueous phase extracted with chloroform (100 ml), dried over magnesium sulfate, and
concentrated under vacuum to give an oil. The material was purified by silica gel
chromatography eluting with hexane/ethyl acetate (3:2), to give after crystallization from
dicloromethane/MTBE 133 mg of a white solid : mp = 128-130°C, LC-MS, MH"* = 258; 'H
NMR (300 MHz, CDCl;) 6 7.92 (s, 1H); 7.90 (d, 1H, J = 6.3 Hz); 7.52 (d, 1H, J = 6.3 Hz);
20 4.84 (s, 1H); 4.06 (s, 1H); 2.06-1.50 ppm (m, 10H).

EXAMPLE 2

8-(]2.1,3]-Benzoxadiazol-5-ylcarbonyl)-8-azabicyclo[3.2.1]octan-3-one

25
To a solution of tropinone (10g, 71.8 mmol) in toluene (120 ml) was slowly added [2,2,2]-

trichloroethyl chloroformate (40 ml, 189 mmol) and sodium carbonate (4.0g, 37.7 mmol). The

mixture was heated to 110 °C for 42 hours, the solvent evaporated, water (100 ml) and H,SO,



stirring the mxture for 20 m nutes, water (100 m) and H2SO4 (3 pH2) were
added and the 15 aqueous phase extracted with chloroform (100 m), dried
over nmagnesi um sul fate, and concentrated under vacuumto give an oil. The
material was purified by silica gel chgpmatography eluting wth

hexane/ et hyl acetate (3:2), to give after crystal lization from

di cl or onet hane/ MTBE 133 ng of a Whl te solid : = 128-130C, LC M5, MH=
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acetate (3x100 ani ¢ phase over sodium sulfate,
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h t / et hyl 4:1 | (12.9
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THE (40 nir)eu@mnﬂgtﬁﬁnq;«as(aﬂee&fonb)vea\@;sslam@dmaﬁ%sHls,cylu%@ ad3Zn/ Qu (129)

and the mxture stirred roomtenperature for . Trie ylamne(3 m )
was addedbertzweadwpledssc&rbmw@l”é@h@f(ﬂ 5 d-2wawhbdn vhlmfm @Qrmﬂl) AfterGtiming the and

t he soI vept. .evapo ol ve oroform,(80 m), and
triet hyI a&r’llxﬁlére?% fr’Tﬁ Wik JQ@%&@%F%%? dbiiﬁv%%ag‘&%{] *}“i%% ° SHGUSREY i on of
[2,1,3]- &»afamxadthaohqﬁrsfoanqamdamnytﬁ@mﬁmd@i drgarficsOver8 whshedkth NaHC@;or of or m
(20 n1). After stirring the io mxture for 1 h, water (100 m) and H2SO4 (4

pH2) wer eschgtpad 1 ehenly Heedejs sedupraliese, a@ﬂpp@p@ﬂéﬁewﬂwrdmm demesids0 m ) .
sodi um sul ro Bl ST KBE R RAGH Al b bR T o e M RAEN 110 st P oy
silica gedolidhii et egiafiyed ot dibiglotinicfhan &/XaTBY. @1.@4@). @9&166461 doicchves,gi ve a
Is MH"= 272; '"H NMR (300 MHz, CDCl;) § 8.02 (s, 1H); 7.97 (d, 1H, ] = 9 Hz); 7.57 (d, 1H,
J =9 Hz); 5.09 (sb, 1H); 4.44 (sb, 1H); 3.05-1.80 ppm (m, 8H).

EXAMPLE 3 and EXAMPLE 4

[2,1,3]-Benzoxadiazol-5-yl(3,3-difluoro-8-azabicyclo[3.2.1]oct-8-y)methanone and

20 [2,1,3]-benzoxadiazol-5-yl(3-fluoro-8-azabicyclo[3.2.1]oct-2-en-8-y)methanone

LY 4

To a solution of 8-([2,1,3]-benzoxadiazol-5-ylcarbonyl)-8-azabicyclo[3.2.1]octan-3-one

(0.67g, 2.45 mmol) in dichloromethane (25 ml) was slowly added diethylaminosulfur
trifluoride, “DAST” (5g). The mixture was stirred at room temperature for 3 days and then
25 slowly poured into a mixture of NaHCO; solution (100 ml) and chloroform (100 ml). The
aqueous phase was extracted with chloroform (100 ml) and the combined organics were dried
over sodium sulfate, concentrated under vacuum and the residue purified by silica gel
chromatography eluting with hexane/ethyl acetate (65:35), to give [2,1,3]-benzoxadiazol-5-
yl(3,3-difluoro-8-azabicyclo[3.2.1]oct-8-yl)ymethanone (0.37g) after crystallization from



solid that was crystallized from di chl oronet hane/ MIBE (1.04g): np =
164-166C, LC-Ms, is MW= 272; '"H NWR (300 MHz, CDC13) S 8.02 (s, 1H); 7.97
(d, 1H, J =9 Hz); 7.57 (d, 1H J =9 Hz); 5.09 (sb, 1H); 4.44 (sb, 1H);
3.05-1.80 ppm (m 8H). EXAMPLE 3 and E LE 4 12,1, 31-Ben

zoxadi azol -5-v1(3, 3-di fl uoro-8-azabi cvcl0[ 3. 2. 11oct - 8- yI)nethanone and 20
12, 1, 31- benzoxadi azol - 5-yl (3-fl uor o- 8- azabi cycl o[3.2.1
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silica gel chronatography efuting with hexane/ethyl acetate (65:35), to
give [2, 1(Gp6g)empetxm BYI6C; BE-MS, MH' = 274; 'H NMR (300 MHz, CDCl3) & 8.00- 7.87

yl (3,3-difluoro-8 azablc cl 2 ct - 8- g ter
crystalli 2% +8h 7fﬁ'3cfﬁ11 5, i83%%%@13&%4%@%@%@&&%%ég %bl%?g b3 2
product s: PR ( H@ 166C, LC- M5, MH= 294; '"H NWR (300 MHz, CDO 3) S
7.96-7.93 ?@n"’z 7.54-7.50 (m 1H); 5.00 (sb, 1H); 4.26 (sb, 1H);:
2.60-2.05 ppm(m 8H). A second nore pol ar product was identified as

[ 2,1, 3] -benzoxadi azol -5-yl (3-fl uoro-
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To a solution of tropine (4.0 g, 28.3 mmol) in toluene (50 ml) was slowly added [2,2,2]-

15 trichloroethyl chloroformate (16 ml, 75.5 mmol) and Na;COs (4.0g, 37.7 mmol). The mixture
was heated to 110 °C for 42 hours, the toluene removed under vacuum, water (150 ml) and
H,SO,4 (= pH 2) were added, and the mixture extracted with ethyl acetate (2x100 ml). The
combined organics were dried over sodium sulfate, concentrated under vacuum and the
residue chromatographed on silica gel using hexane/ethyl acetate (70:30) =» (40:60) to give a

20  white solid (6.0g). To a solution of the preceding product (2.5g, 8.26 mmol) in THF (50 ml)
and methanol (50 ml), was added freshly prepared Zn/Cu (15 g) and the mixture stirred at
room temperature for 18h. The solids were filtered off, the solvent evaporated and to the
residue, dissolved in DMF (60 ml), were added DMAP (0.98g, 8 mmol), HOBT (0.54g,
4mmol), triethylamine (2 ml), [2,1,3]-benzoxadiazole-5-carboxylic acid (1.31 g, 8 mmol) and

25 EDCI (3g, 15.6 mmol) and the mixture stirred at room temperature for 2 days. The DMF was
evaporated and water (100 ml) and H,SO,4 (= pH2) were added. The mixture was extracted
with chloroform (2x100 ml), the combined organics washed with NaHCO; solution (100 ml),
dried over sodium sulfate, and concentrated under vacuum. The residue was purified by
chromatography on silica gel eluting with THF/chloroform (15:85 =» 25:75), to give a white

30 solid (1.25g) after crystallization from THF/chloroform/MTBE: mp = 169-171°C, LC-MS,



NH To a solution of tropine (4.0 g, 28.3 mmol) in toluene (50 mM) was
slowy added [2,2,2] 15 trichloroethyl chloroformate (16 m, 75.5 mml) and
Na2CO3 (4.CQg, 37.7 mmol ). The mixture was heated to 110 'C for 42 hours,
the tol uene renoved under vacuum water ;150 m) and H2SO4 (3 pH 2) were
added, and the m xture extracted with ethyl acetate (2x100 m ). The

conbi ned or gani cs were dried over sodiumsulfate, concentrated under vacuum

(70.50) aMHoranys s NItk SN BRERPRog 7 EE e R S AT B o DY 4 B e
pr ecedi ng mr)oayy(sb(mg,o SBAHTDY 10 oFrEet Sl ) and et nanol (50 ).,

was added freshly prepare 15 g) and the m xture stirred at room
tenperature for 18h. The solids were filtered off, the solvent evaporated

and to the residue, dissolved in Dﬁm wer e added DVAP (0.98g, 8
mol ), HOBT (0.54g, 4mmol), trieth m),

[2,1, 3]s b%.QZ—%@,@, -@%ﬁi@ca@ia@@f-%@ﬂﬂﬂ#r%‘i 8lafabid&iklod3.2 8| doi8- Y meanbnDCl (39,
15. 6 mmol ) an € mxture stirred at roomtenperature for ays. The DWMF
was evaporated and water (100 m) and H2§D4 (4 pH2) were added. The m xture
was extracted wth chloroform (2x100 m )| the com?_iéned organi cs washed with
NaHCO3 solution (100 m), dried I , and concentrated under
vacuum The residue was purified® omat ygr aphy on silica gel eluting

wi th THE/ chl orof orm (15: 85 4 25:7 6 give/a Wi te 30 solid (1 259) af ter

crystallization from THE/ chl or.of or n1 MI'BE: = 169-171C, LC
274: 'H NUR a(sybmlomqf en@a&i@)l Bl-bengoxagiaggl-§- ;Eaxm)yl) -§- aS@ivqyclPﬁ(?-rﬁ Oom -3- OA 83
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O N @ N@{Ihol) Ml%henyl'ﬁﬁo h&Q|(Ot5[2@rIZ mﬁaol) and a solution of diisopropyl azodlcarboxylate
endo- 8- ([ 2, 1, 3] - benzoxadi azol - 5-yl car bonyl ) - 8- azabi cg.ﬂlllo[3 2. 1] oct an- 3- ol

(0. 279, 0(@88)n‘ﬂﬂﬂl: (I imBnHedpitge TaEsel Gey night a repay RFI‘ﬁP’ter aER%0i ¢ acid
(0.33g, #)ugo 'n)ll whak la {i’&%%h RO R B Extr Rtcadfith &ndiRLthtedPL1 6D &) ’f']lié on of

di i sopropyl azo |ca boxy
organics were dried over sodium sulfate, concentrated under vacuum and the residue punﬁed

by chromatography on silica gel eluting with hexane/ethyl acetate (1:1), to give a white solid

15 (0.45g). The preceding product was suspended in anhydrous methanol (70 ml), a solution of
sodium (0.2g) in anhydrous methanol (50 ml) was added and the mi?(ture was stirred at room
temperature for 0.75h before adding conc. HCI (0.5 ml) (= pH 3) and evaporating the solvent
under vacuum. The crude product was purified by silica gel chromatography eluting with
THF/chloroform (30:70), to give exo-[2,1,3]-benzoxadiazol-5-yl(3-hydroxy-8-

20 azabicyclo[3.2.1]oct-8-yl)methanone as a white solid after crystallization from
chloroform/MTBE (0.11g): mp = 176-177°C, LC-MS, MH* = 274; '"H NMR (300 MHz,
CDCl;) & 7.94-7.90 (m, 2H); 7.21 (dd, 1H, J=9.3 and 1.2 Hz); 4.88 (sb, 1H); 4.30-4.10 (m,
2H); 4.09 (sb, 1H); 2.20-1.50 ppm (m, 8H).

25 EXAMPLE 7
2-Azabicyclo[2.2.11hept-2-vI(]2,1,3]-benzoxadiazol-5-yl)methanone

oy

10% Pd/C (0.25g) was added to a solution of 2-azabicyclo[2.2.1]hept-5-en-3-one in THF (30




(0.49) in THE (1 m). The m xture was stirred over night at room
tenperature, NaHCO3 solution (50 m) was added and the m xture extracted
with ethyl acetate (2x100 ml). Thp organics were dried over sodiumsulfate,
concentrated under vacuum and the residue purified by chromatography on
silica gel eluting with hexane/ethyl acéfate (1:1), to give a white solid 15
(0.45g). The precedi ng product was suspended in anhydrous nethanol (70 m),
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hydride (29), added slowy. The m xture was refluxed. faor h and cooled to
+5C beflr é”é’b%i“ﬂ&‘ fRewale S?‘bbmﬁalﬁaf%ﬂﬁ‘ateéaﬁ@eﬂﬁrogt dgﬁei(wfﬁg)cweﬁvwr%ede

sol ution d 1 Xt jes f | h before
filteri ng%ﬁ%oﬁi I%Cﬁeggp dssgf %ﬁtﬁg%ﬁ%gﬁ?gg@ﬁ tﬂ%’r #E%d %%‘1%%1 %%dg%%ﬁxgthrﬁ?ﬁ x){lur e was
added tri etdigtb/aeiane (1:3) B §3: B @:0)sokiveitlmndesied product as white crystals (0.28g)

2,1,3]-b di | e-5- | chl orid i i ichl th
(10 1) anbormB R Som I aoas dno2 SaarrCM M T vats Ll OB "ane
Cdifled . | . . . . ;
(5100 i MEakDClthlather § 701.87 86, HRDSOILALUED, 419 ALY (o, R
bi car bgnat&1ad 8148qm, (ct410 Hy J.28 aiid .08 (dg$84)3 atidl . eNapetaniIE)] 2.74 and 2.64 (s,

total 1H), 1.90-1.47ppm (m, 6H).

EXAMPLE 8
1-Azabicyclo[2.2.1]hept-1-yI(]2,1,3]-benzoxadiazol-5-yl)methanone

0O
’N\ﬁ\N
O T >
N
N

The title compound was prepared from 1-azabicyclo[2.2.1]heptane (Org. Lett, 2001, 3(9),
1371-1374) and [2,1,3]-benzoxadiazole-5-carbonylchloride as described for Example 7. The

20

compound was isolated as a white crystalline solid: mp = 143-144 °C, LC-MS, MH" = 244;

25 'HNMR (300 MHz, CDCl;)  8.00 (dd, J = 1.2 and 1.2Hz, 1H), 7.90 (dd, ] = 9.3 and 1.2Hz,
1H), 7.59 (dd, J = 1.2 and 9.3Hz, 1H), 4.80 (br s, 1H), 4.16 (br s, 1H), 2.08-1.80 (m, 4H),
1.64-1.50 ppm (m, 4H).

EXAMPLE 9

30 2-Azabicyclo[2.2.2]oct-2-vyI(]2,.1,3]-benzoxadiazol-S-yl)methanone




onto silica gel (5g) and the residue was chromat ographed on silica gel
eluting with ethyl acetate/hexane (1:1) 4 (3:1) 4 (1:0) to give the desired
product as white crystals (0.28g) after crystallization from MIBE/ hexane:
mp = 92-93 C, LGM5, M#+ = 244; 'H NWR (3300 MHz, CDCL3, rotamers) S
7.93-7.87 (m 2H), 7.59-7.54 (m IH), 4.79 and 4.17 (s, total 1H), 15 3.61
and 3.48 (m total 1H), 3.28 and 3.08 (dd, J = 9.3 and 1.5Hz, total 1H),
2.74 and 2.64 (s, total 1H), 1.90-1.47ppm (m 6H). EXAMPLE 8 1-Azabicvclo
12.2.11 heat-1-yl (12, 1, 31- benzoxadi azol - %5yl ) met hanone 20 0 N The title
conpound was prepared from 1-azabicycl o[ 4} 2. 1] heptane (Org. Lett, 2001,

3(9), 1371-1374) and [ 2,1, 3] - benigxeatha =~5- car bonyl chl ori de as descri bed
for Exanple 7. The conpound vvasDJ; d a white crystalline solid: nmp =
143-144 'C, LG M5, M+ = 244; 25 NAN¥R (30 , CDC13) S 8.00 (dd, J = 1.2
and 1.2Hz, 1H), 7.90 (dd, J = 9.3 and 1.2Hz, 1H), 7.59 (dd, J = 1.2 and

9. 3Hz, 1H)Cis-4-AQinbbyclchexdtdcarbdxille dcht (29g 1BM9)6, m@Ao)8rad h8hled in a Aidk, withla heht 1. 50
ppm (m 4H). EXAVMPLE 9 30 .

2- Azabi cv@EuB[far, 15 mingtes. Aften qoebng togpomdempstatica? BF (0 (1) as aidsd fllosed by NON
O N~ G s-4-Am i ko agacel beafed in a
fl ask v&s t ﬁ“@qﬁgg‘@ﬁ‘gﬁ‘wgg 9?@')%@%1 eagd Biljfntg Ié&gsceg%fdljtﬁa%?)é rooé%e;aga?nger at 3r e,
THE (70 mh. Wasmadare dvasebbledvend hgxars (V0 infh) anthsedium hydroxidecsolwden((8 g)l) wsteow y
and portion wise, and the m xture heated at 6 for 1 h. The m xture was
cool ed, arﬁﬂd?ﬁe‘ﬁf]éép'ﬁéfmyﬁﬁ”)‘m&né&%&? Pﬁaﬁ%‘%&@f‘gg‘eﬂ"%ﬂ’&‘fr overigie e added
whi | st rapi L ng. ! : \ 1 hed

over ni gnt e SE ey R REPER (BRI TR RHHR RO 10

m ). Tri etadyédafivllowed By akglutiarsof [Adeiebehnixadiaeale5ycacbogplchiorida (H0g, 10.95

(2,1, 3110_ berrrllr%lgf)( ?rg (Ii'c glro%gﬁa%%r(P? rrll‘P{)l a%lalt er Iln(ljx%urg %\ia(s)gt’irreldo étgrgom temperature for 0.3h.

Water (100 ml) was added, acidified to pH 2 with sulfuric acid and extracted with ethyl

acetate (2x100 ml). The combined organics were washed with saturated sodium bicarbonate
solution (100 ml), dried (NaSO,) and evaporated under vacuum. The residue was
chromatographed on silica gel eluting with ethyl acetate/dichloromethane/hexane (40:10:50)

Is  to give the desired product as a white solid (2.14g): mp = 138-139 °C, LC-MS, MH" = 258;
'H NMR (300 MHz, CDCl3;, rotamers) & 7.91 (dd, J = 1.2 and 9.3Hz, 1H), 7.90 and 7.83 (dd,
J=1.2 and 1.2Hz, total 1H), 7.51 and 7.46 (dd, J = 1.2 and 9.3Hz, total 1H), 4.58 and 3.42 (br
s, total 1H), 3.68-2.64 (m, 2H), 2.12-1.61 ppm (m, 9H).

20 EXAMPLE 10
[2,1.3]-benzoxadiazol-5-yl(2-oxa-Sazabicyclo[2.2.1]hept-S-yl)methanone

(@]
° g
\N/
(@)

The title compound was prepared from 2-aza-5-oxabicyclo[2.2.1]heptane and [2,1,3]-

25 benzoxadiazole-5-carbonylchloride as described for Example 7: mp = 102-104 °C, LC-MS,
MH" = 246; '"H NMR (300 MHz, CDCl3) & 7.98-7.90 (m, 2H), 7.58 (dd, J = 1.2 and 9.3Hz,
1H), 5.08 and 4.78 (s, total 1H), 4.66 and 4.47 (s, total 1H), 4.05 (m, 1H), 3.89 (m, 1H), 3.73-
3.63 (m, 1H), 3.52 (s, 1H), 2.06-1.95 ppm (m, 2H).



io mmol) in dichloronethane (15 m) and the m xture was stirred at room
tenperature for 0.3h. Water (100 m) was added, acidified to pH 2 with
sulfuric acid and extracted with ethyl acetate (2x 100 ml). The conbi ned
organi cs were washed with saturated sodiym bi carbonate solution (100 m),
dried (NaSO4) and evaporated under vacudi The residue was chr omat ogr aphed
on silica gel eluting with ethyl acetate/dichloronethane/ hexane (40: 10: 50)
15 to give the desired product as a white solid (2.14g): np = 138-139 'C,

LG M5, M+ = 258; "H NWR (300 NPE, CDC13, rotanmers) S 7.91 (dd, J = 1.2 and

9.3Hz, IH), 7.90 and 7.83 (dd, = Ex2vemeE i3 2Hz, total 1H), 7.51 and 7. 46
(dd, J :12and93Hz t ot al 1H), 458 an'c'1342(br s, total 1H),
3.68-2. 64 X4 lo[2.2713he 3t-benzoxadigzoiriEylipmeth

12, 1, 31- benzoxadi azol - 5-yl ( 2- oxa- 5azab|cvclo 12. 2. 11 kept-5-vl) et hanone O

2- aza- 5- oxabi cycl o[ 2. 2. 1] hept ane g
benzoxadi azol e- 5- car bonyl chl ori Scri or Exanple 7: np = 102-104
C, LCGMS, MH = 246; 'H NVR (300N CDCl13) /S 7.98-7.90 (m 2H), 7.58 (dd,
J =1.2and 9.3Hz, IH), 508 and 4.78 (s, total 1H), 4.66 and 4.47 (s,
total 1H) 1Prébage'§1 f§6H1 2142%10 I@N\gh J'ﬂ)-en-ﬁozg’by %d@é’mé With :L’“Bleﬁmaah&ﬁ 1H),
2.06-1.95 ppm (m ) 2- Azab 1 cyclo )

ept - 5- en- Zoupl(n[gZha_J;eBLlltaueﬂzmhnw@lzdll Ehept) ertehvitiofdel , 3]ebenzomdlaﬁble -O' N

Pr epar ed m Io 2 one, by reduc th L H4 and
Chen " couPAG EHE G d el Foaagts i iesitls Difetyesaalsds dhvite sofi
[2,1,3]- beaﬁépe@sdalﬁzgio% from SAFBIRAY 56! AP '=Ci©6ﬁ%)8¢ei@ MeefoLr Bvarsplig NMR The
title product was isolated as a white solid after crystallization from

MTBE/ hexarigd0 Mjplz=CDUBs, 1@8@ers) &7 98;7. 88/, 22127.2%7.53 KImNMR), 6.60-6.50 (m, 1H),
6.36-6.32 (m, 1H), 5.25 and 4.57 (s, total 1H), 3.67-3.62 (m, 1H), 3.39 and 3.32 (s, total 1H),
3.03 and 2.70 (both d, J = 10.2 and 8.7Hz respectively, total 1H), 1.75 ppm (s, 2H).

EXAMPLE 12 AND EXAMPLE 13
15 R-2-Azabicyclo[2.2.11hept-5-en-2-y1([2,1,3]-benzoxadiazol-5-yl)methanone and S-2-

Azabicyclo[2.2.1]hept-5-en-2-yI([2,1,3]-benzoxadiazol-5-yYmethanone

0 O
\N/ N

The title compounds were prepared from (R)-2-azabicyclo[2.2.1]hept-5-en-3-one and (S)-2-

azabicyclo[2.2.1]hept-5-en-3-one using the procedures described for Example 11.
20 R-2-Azabicyclo[2.2.1]hept-5-en-2-yl([2,1,3]-benzoxadiazol-5-yl)methanone: mp =104-106 °C
§-2-Azabicyclo[2.2.1]hept-5-en-2-yl([2,1,3]-benzoxadiazol-5-yl)methanone: mp =104-106 °C

EXAMPLE 14
2.1,3]-Benzoxadiazol-5-y1(5,6-dichloro-2-azabicyclo[2.2.1]hept-2-yl)methanone

25
0}

N
N

Cl cl



to (300 MHz, CDC13, rotaners) S 7.98-7.86 (m 2H), 7.58-7.53 (m 1H),
6.60-6.50 (m 1H), 6.36-6.32 (m 1H), 5.25 and 4.57 (s, total 1H),
3.67-3.62 (m 1H), 3.39 and 3.32 (s, total 1H), 3.03 and 2.70 (both d, J =
10.2 and 8. 7Hz respectively, total 1H), 55 75 ppm (s, 2H). EXAMPLE 12 AND
EXAMPLE 13 15

R- 2- Azabi cycl o[ 2. 2. 11hept - 5-en-2-v1([ 2, 1, 31- benzoxadi azol - 5- ypnet hanone and

S-2- Azabi | 2 hept - 5-en-2-yl ([,2, 1, 31-b i -5-yl th
S 2 desb et LA A B A € e e )
(R) - 2- azahiigh&oBlethade 4 06R teRp&AuR:. TRE nAtkre(Wis-added to a stirred solution of 2-

azabi cycl o[ 2. 2. 1] hept - 5-en- 3-one using the procedures described for Exanple
11. 20 azabicyclo[2.2.1]hept-5-en-2-yl([2,1,3]-benzoxadiazol-5-yl) (0.5g, 2.07 mmol) in

E;L(%;lﬁggl ¢ i((::l-lllg rzn'eal'a%(]: %lj.%hee%igfu}% \(\/Ls2 évlaf)gl]at-eH%Q& &éq'gsli uzeogu_rlsﬁ_ex lb%'mst hanone: np
S- 2- Azabi cihediRitderdpth] diefilicbged BluBngy ith2tHyl detdd@Ra@nad: Baolgik-tié finet hanone: np
=104- 106 C EXAMPLE 14 _ o )

[ 2, 1, 31- Betempened azbwhite salidsfisr envetpllisatinmirem gichipsgragtbane/MiTBE p7= 1$6-net hanon

Ctirred m o HIR {5 TN SRE i 38R 4R ARG ¢ ¥

The m xt uresnas, addedadd®. 2HsWH)] £80 sl 4129 eNtdedl 12D, 4.24-4.15 (m, 2H), 3.72-2.40
azabicyclg[2.2.1]he t-5-en-2-yl ([ 2,1, 3] -benzoxadi azol -5-yl) (0.5g, 2.07
nunol ) i n 4&i gmnémomdt hane (50ml). The mixture was evaporated and the
residue purified by 5 chromatography on silica gel eluting with ethyl

acet at &] hexane (2:3) to give the title conpound as a white solid after
crystallization fromdichl oronet hane/ MTBE: np = 156- 157C, LC M5 MH =
312.16; 'H NMR (300 MHtz, CDC13, rotaners) S 8.02-7.95 (m 2H), 7.52 (dd, J
= 1.1 and 4. BY¥QLO M. 29 (s, total 1H), 4.24-4.15 (m 2H),

3.72-2.40 4.57 ppm(m 5H). 10 EXAMPLE 15

In Vivo Electrophysiology

The electrophysiological effects of invention compounds were tested in vivo in anesthetized

animals according to the following procedures.

Animals are maintained under anesthesia by phenobarbital administered using a Hamilton

20 syringe pump. Stimulating and recording electrodes are inserted into the perforant path and
dentate gyrus of the hippocampus, respectively. Once electrodes are implanted, a stable
baseline of evoked responses are elicited using single monophasic pulses (100 ps pulse
duration) delivered at 3/min to the stimulating electrode. Field EPSPs are monitored until a
stable baseline is achieved (about 20-30 min), after which a solution of test compound is

25 injected intraperitoneally and evoked field potentials are recorded. Evoked potentials are
recorded for approximately 2 h following drug administration or until the amplitude of the
field EPSP returns to baseline. In the latter instance, it is common that an iv administration is

also carried out with an appropriate dose of the same test compound.

30 EXAMPLE 2

Inhibition of d-Amphetamine Stimulated Locomotion




1. BIOLOd CAL METHODS EXAMPLE 15 1In Vivo El ectrophysiology is The

el ectrophysi ol ogi cal effects of invention conpounds were tested in vivo in
anesthetized animals according to the foll ow ng procedures. Aninmals are
mai nt ai ned under anesthesia by phenobarhjtal adm nistered using a Ham | ton
20 syringe punp. Stinulating and recording electrodes are inserted into the
perforant path and dentate gyrus of the hippocanpus, respectively. Once

el ect rodes i .an hi of oked res e

ol i citod G RIRUALOES0 ofh RIS Eeln 958 bl thuohP SRS LT ver e
at 3/ m n tglowee ablebstB0ain RY acdliettion dach Mekewk SRS dant® thDkligs @tldstie Wit
stabl e baseline is achieved (about 20-30 mn), after which a solution of

t est conpounaitired beam gjraxthetiauternatinglly mositeraitheanimal segdkiad Mice weredubimted| s
are recorded. Evoked potentials. are, .recorded for. [ oxi ely 2 h

ol | ow ng. Gt/ Exie T By ERroR B it 1 FRERehion R RERL Pt B Vep Brsdsr

r et ur nss t ankaseikdneelly With tddecdnidu ih Asrégtués vehicld $ nEATBOBEIbRAL Aiphétdmine
adm nistration is also carried out with an appropriate dose of the sane

t est conpoaisationderEranpesater dnhnphetaraine i cdionnpire tvert isatesforincametar
Loconoti o : I ] 25-3 1. ght n] he
experi men'z1a é:ﬁglrt %gégfig%t Ofgiilslrﬂéﬁ\/\gtc?s'aﬁel %é%?l%c%%uﬁ?g@ﬁg&eg}ﬁﬁﬁgfﬁ%gﬁg E%ac rﬂi&m se
was pl acedmovintent tigitst'esll idag wenchradyred bncdhparimg thegroapseeabelanitiatheayst t hat

automatically nonitors the animal's activity. Mce were habituat in the
testing erfOPBSURGIFIHE vene ﬁicPf}trogaﬁBO"tphgﬁ“?té’@ r&*}b/alswswﬁéwnmgg&f M ce

were dose i i fon bt b test y . ehicle 5
e D e s 0 B i e Y P e

m nutes before
i nj ection,differest. were tested for |oconotor activity for a total of 15

m nutes. The data was conputer collected and expressed as "arbitrary
novenment units."” Al data were anal yzed by conparing the groups treated with
t he test [ b Sl i S
per for med B ARV o B s o Rk P e D ot R e A S

wer e consiiderlebk 4pprévéated that farioasloyificdtids enayrbe made without departing from the

15 Invention.
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Wil e the invention has been described with reference to specific nethods
and enbodi nents, it will be appreciated that various nodifications my be
made wit hout departing fromthe 15 invention. 20 25 40 WHAT IS CLAIMED: 1.
A nmethod of treating respiratory depression conprising admnistering to a
patient in need thereof a conpound acotrding to fornula A- O N X ~CH2n zp
NGR7 VNY.ZRZ/F A wherein: Wis oxygen, sulfur or CH=CH, X, Y and Z
are i ndependently selected fromthe group consisting of -N, or -CR,

wherein: Ris H -Br, - -F, -CN, -N®2, -OR, -SR, -NR 2, -Cl1-C6 branched
or un-bra |ch may be un- substltuted or substltuted wher ei n:
R is H, ?@?ﬁg&sg?%%gﬁégh un- branched al kyl whi ch, may be un- substltuted
or substituted, nis 0, 1, 2 3, 4, 5 mis 0, 1, 2, 3, 4, 5 pis 0, 1, 2,
3, 4, 5 R anleB e achfl enden r¥dse|ected from H %%
(preferably F)! L e grqu RpFEP1ONGeRP kﬂqgaéﬂﬂusgnn o7
branched Ez{tler‘mthre@d‘Eh@%@f @bwb@unmbé‘d}dlrr@)(o fR@ulanasubstituted or substituted,
a -C2-C6 branched or un-branched al kenyl, which may be un-substituted or
substituted, a -C2-C6 branched or un- branched al kynyl, which may

(X ?

W is oxygen, sulfur or CH=CH;
X, Y and Z are independently selected from the group consisting of -N, or -CR,

CHzp

wherein:

wherein:

R is H, -Br, -Cl, -F, -CN, -NO», -OR', -SR', -NR'5, -C{-Cg branched or un-branched
alkyl, which may be un-substituted or substituted,

wherein:

R'is H, -C{-Cg branched or un-branched alkyl which, may be un-substituted or
substituted,

nis0,1,2,3,4,5

mis0,1,2,3,4,5

pis0,1,2,3,4,5

R?and R? are each independently selected from H, a halogen (preferably F), -CN, -NO»,
-OR', -SR', -NR', CF;, OH, C=0, a -C-Cg branched or un-branched alkyl, which may
be un-substituted or substituted, a -C5-Cg branched or un-branched alkenyl, which may
be un-substituted or substituted, a -Cy-Cg branched or un-branched alkynyl, which may
be un-substituted or substituted, a -C3-C7 cycloalkyl which may be un-substituted or
substituted, an aryl which may be un-substituted or substituted , a heterocycle which may

be un-substituted or substituted, a carboxyalkyl which may be un-substituted or

substituted, a carboxyaryl which may be un-substituted or substituted, a



be un-substituted or substituted, a -C3-C7 cycloal kyl which may be
un-substituted or substituted, an aryl which may be un-substituted or
substituted , a heterocycle which nay be un-substituted or substituted, a
car boxyal kyl which may be un-substituted or substituted, a carboxyaryl

whi ch may be un-substituted or substitthed, a 41 car boxyhet eroaryl which
may be un-substituted or substituted, a sul fonylal kyl which nmay be
un-substituted or substituted, a sulfonylaryl which may be un-substituted or
substituted or a sulfonyl heteroaryl which may be un-substituted or

substi t ut ed'boﬁ/hateobaFylawkécleme%bé mtm}emimtitimdtdr;sub&eﬂtlem eduffomytal@p2miclCR2ZR3, A,

CHzZA, CR2=CR3 ar .are hat d F ar bot h
absent : GPf 4 é%ﬁgned,é? A”tewugﬂ?ﬂa %&R'&ed 8b3 ‘g)ﬁ?w edpis 0,
S, S0, SO%sa%f%n?me@F@&,wm&h ﬁapbaﬁm&%mdt&iadrlsubs@ﬁﬁ&pt abl e Sal t, solvate, or
pol ynmor ph t her eo he nmet hod accordin to I wher ai d conpound
i s accor dErsgd fare edeb indspendently seletedrom R, ANCWdAY/CZ{ RZ WER3

wher ei n: IS, 0 suI and Z are independently sel ected
fromthe drst EETE wePify h&¥EaRF%e“%ﬁ><th% ein RisH carood, TE

-CN, -NO2( is OR?R’®,-ASRH, A, NR*2CR?, CH,06-0) CancRérP, oF absbntbr anched al kyl, whi ch
may be un- substituted or substgguted wherein: Rl is H, -Cl-C6 branched or

un- br anchéds &, Ry$OnbPx &=CheyCIh& un- substituted or substituted, nis 0 - 5
m s0-5 or a pharmaceutically acceptable salt, solvate, or polymorph thereof.

2. The method according to claim 1 wherein said compound is according to
o]
N X /CHzn CHzp
(T R
A zZ 2 R3
N v? R CH,m
|

W is oxygen, sulfur or CH=CH;
X, Y and Z are independently selected from the group consisting of -N, or -CR,

the formula I:

wherein:

wherein:
R is H, -Br, -Cl, -F, -CN, -NO», -OR', -SR', -NR'5, -C1-Cg branched or un-branched
alkyl, which may be un-substituted or substituted,

wherein:

R'is H, -C1-Cg branched or un-branched alkyl which, may be un-substituted or
substituted,

nis0-5

mis0-5

pisO-5

R*and R® are independently selected from H, a halogen (preferably F), -CN, -NO», -OR',
-SR', —NR’z, CF;, OH, C=0, a -C|-Cg branched or un-branched alkyl, which may be un-



pis O0-5R2 and R3 are independently selected fromH, a hal ogen
(preferably F), -CN, -N02, -OR, -SR, -NR 2, CF3, OH C=0 a -Ci1-C6
branched or un-branched al kyl, which may be un 42 substituted or
substituted, a -C2-C6 branched or un-branched al kenyl, which rmay be un--
substituted or substituted, a -C2-C6 btlanched or un-branched al kynyl, which
may be un- substituted or substituted, a -C3-C7 cycl oal kyl which may be
un-substituted or substituted, an aryl which may be un-substituted or
substituted , a heterocycle which nay be un-substituted or substituted, a
car boxyal kyhstituddodr soiesyitused, anCghstranameé dr or-bragehedtalkeny e svhich roay troxyar y|

whi ch may be un-substituted or substituted, a carboxyheteroaryl which may
be un- substlistittesiprsubssigised, iat-Gp e, branchigd powyPranied alityingh whagh mgebe un-
un-substituted or substituted, a sulfonylaryl which y.be un-substituted or
subst i t ut 8¢pstiged.prSHPSisH ’ﬁefjé'r%a“ry;‘iloaﬁw?/t’ﬁ‘c PYIRE WirtugtEEA Otit ed or
substituted, .or a pharnmpceutically cceptable.salt, solvate, or pol ynorph
Thereof - Sibsyfed el ASLVREE Gt o RaeR o iRuREr > SRR b iR

accor di ngp¢ Gn-shtd@ QS drbLiBstinbted, @ caboRydlfiZimiCHaRy bb uNWBtbétiditélolCHzm Rs 1 |
wherein: W X, Y and Z are as defined Tor structure | of claiml nis O -
5 in is Osubsgtutgs &oarhoxygry wichamaly Reumpebstiitedet iswestitutest, ast ructure | of claim

1, or a pharmceutical l.y ,accept abl lt, solvate, ar,pol r eof . 4.
The *rret hott 2euBri i eue B P Bt arS BBl P RO o
formul a | bt un-substituted or substituted, a sulfonylaryl which may be un-substituted or substituted

or a sulfonylheteroaryl which may be un-substituted or substituted, or a pharmaceutically

acceptable salt, solvate, or polymorph thereof.

3. The method according to claim 1 wherein said compound is according to
o)
N X /CHzn Cng
/S N N
W\ = -z R2 3
N™ >y= cfm R
Il

W, X, Y and Z are as defined for structure I of claim 1

nis0-5

the formula II:

wherein:

mis0-5
pisO-4
and R” and R? are as defined for structure I of claim 1, or a pharmaceutically acceptable

salt, solvate, or polymorph thereof.

4. The method according to claim 1 wherein said compound is according to

formula III:



43 ONXCHr CH p NWRs Y~-ZRZA CH2M 111 wherein: W X, Y and Z are
as defined for structurel Ais 0, S SO S, C0 or CRZR3; nis0-5 msl-5
pisO0-5 and R2 and R3 are as defined for structure I, or a pharmaceutically
acceptabl e salt, solvate, or polynorph thereof. 5. The method according to
claim| wherein said conpound is according to formula IV: O X CH2n CHsp N
*N2 Ra WN Y~-Z R CH2rn |V wherein: W X Y and Z are as defined for
structure I Ais 0, S, SO S, C=0 or CR2R3; n=1-5 nkl-5 p=0-5 and R2
and R3 are as defined for structure I, or a pharnmaceutically acceptable
salt, solvate, or polynorph thereof. O

CH,n CHyp
N X\\HJ\N’ 2 R3
N \4d CH,m
11

wherein:

W, X, Y and Z are as defined for structure [

Ais 0,8, SO, SO,, C=0 or CR’R’;

nis0-5

misl-35

pis0-5

and R? and R? are as defined for structure I, or a pharmaceutically acceptable salt, solvate,

or polymorph thereof.

5. The method according to claim 1 wherein said compound is according to

o)
CH,n CH,p
N X\\(LN/ : R3
N Y7 CH,m
v

W, X, Y and Z are as defined for structure |
Ais O, S, SO, SO,, C=0 or CR’R?;

formula [V:

wherein:

n=1-5
m=1-5
p=0-5

and R” and R’ are as defined for structure I, or a pharmaceutically acceptable salt, solvate,

or polymorph thereof.



44 6. The nethod according to claiml wherein Wis 0; X, Yand Z are CR R
isH F B, d, CNor N®; Eis CHi2mor CH2A;, Fis CHzmor CR2R3; R2 and
R3 are H Gis CH2A;, Ais 0; Mis 1, nis 0; and pis 1. 7. The nethod
according to claiml wherein Wis O X, Yand Zare CR Ris H E and F
are CH2Zm Gis CH2ZA, Ais O0; mis 1;yqn is 0, and pisl. 8. The nethod
according to claim1l wherein Wis 0; X, Yand Z are CR, Ris H E is CH2A
Fis CH2m 45

6. The method according to claim 1 wherein
Wis O;
X,Y and Z are CR;
Ris H, F, Br, Cl, CN or NOy;
E is CH,m or CH3A;
F is CHom or CR’R’;
R%and R® are H;
G is CHzA;
Ais O;
mis 1;
nis 0; and

pisl.

7. The method according to claim 1 wherein
Wis O;
X, Y and Z are CR;
R is H;
E and F are CH,m;
G is CHyA;
Alis O;
mis 1;
nis 0; and

pisl.

8. The method according to claim 1 wherein
W is O;
X,Y and Z are CR;
R is H;
E is CH,A;
F is CHym;



Gis CH2A;, Ais 0; msl;, nisO;and pis 1. 9. The nethod according to
claiml wherein Wis 0; X, Yand Z are CRR RisH, Eis CH2Zm F is CRZ2R3;
R2 and R3 are H Gis CH2A, AisO; mis 2; nis 0; and pis 1. 10. The
nmet hod according to claim2 wherein saj.d conpound is:
8- Azabi cycl o[ 3. 2. 1] oct- 8-yl ([ 2, 1, 3J- behzoxadi azol - 5-yl ) met hanone;
8-([2,1, 3] -Benzoxadi azol - 5-yl carbonyl ) - 8-azabi cycl 0[ 3. 2. | ]octan-3-one;
[ 2,1, 3] - Benzoxadi azol - 5-yl (3, 3-di f | uor o- 8- azabi cycl o[ 3. 2. 1 j oct - 8-yl ) net hanon
e; .
endo-[ 2, 1, 3] - Benzox@ds @Hoh; 5- yI ( 3- hydr oxy- 8- azabi cycl o[ 3. 2. 1] oct - 8-yl ) net han
one; exo-[2,1,3]-3&@58xadiazol-5-yl(3-hydroxy-8-azabicyc|0[3.2. 1
] oct - 8-yl ) net hanone; ’
2- Azabi cycl o[ 2. 2. 1] hept-2-yl ([ 2, 1, 3- benzoxadi azol - 5-yl ) met hanone;
| - Azabi cycl o[ 2. 2. 1] hept-I| -yl ([ 2, 1, 3] - benzoxadi azol - 5-yl ) met hanone,;
2- Azabi cycl o[ 2. 2. 2]wtL 204/ ([ 2, 1, 3] - benzoxadi azol - 5- yl ) net hanone; or
[2,1,3]-Benzoxadi§é?h15-yl(5,6-dich|oro-2-azabicyc|o[2.2.1]hept-2-y|)nethano
ne; 46 1 1. The od according to claim3 wherein said conpound is:
[ 2,1, 3] - Benzoxadi azol - 5-yl (3-fl uoro-8-azabi cycl o[ 3. 2. 1] oct - 2- en- 8-yl ) net hano
ne; . . .
9. The method according to claim 1 wherein

Wis O;

X, Y and Z are CR;

R is H;

E is CHym;

F is CR’R’;

R%and R® are H;

G is CHhA;

Ais O;

mis 2;

nis 0; and

pisl.

10.  The method according to claim 2 wherein said compound is:
8-Azabicyclo[3.2.1]oct-8-yl([2,1,3]-benzoxadiazol-5-yl)methanone;
8-([2,1,3]-Benzoxadiazol-5-ylcarbonyl)-8-azabicyclo[3.2.1]octan-3-one;
[2,1,3]-Benzoxadiazol-5-yl(3,3-difluoro-8-azabicyclo[3.2.1]oct-8-yl)methanone;
endo-[2,1,3]-Benzoxadiazol-5-yl(3-hydroxy-8-azabicyclo[3.2.1]oct-8-yl)methanone;
exo-[2,1,3]-Benzoxadiazol-5-yl(3-hydroxy-8-azabicyclo[3.2.1]oct-8-yl)methanone;
2-Azabicyclo[2.2.1]hept-2-yl([2,1,3-benzoxadiazol-5-yl)methanone;
1-Azabicyclo[2.2.1]hept-1-yl([2,1,3]-benzoxadiazol-5-yl)methanone;
2-Azabicyclo[2.2.2]oct-2-yl([2,1,3]-benzoxadiazol-5-yl)methanone; or
[2,1,3]-Benzoxadiazol-5-yl(5,6-dichloro-2-azabicyclo[2.2.1]hept-2-yl)methanone;



2- Azabi cycl o[ 2.2. I]hept-5-en-2-yl([2,1, 3]-benzoxadi azol - 5-yl ) net hanone;

R- 2- Azabi cycl o[ 2. 2. 1 ] hept - 5-en-2-yl ([ 2, 1 3] - benzoxadi azol - 5-yl ) met hanone; or
S- 2- Azabi cycl o[ 2. 2. 1] hept -5-en-2-yl ([ 2,1, 3] - benzoxadi azol - 5- yl ) met hanone;

12. The method according to claim5 wh ei n said conpound is:

[ 2, 1, 3] - Benzoxadi azol - 5-yl (2- oxa- 5azabl’cycl o[ 2. 2. I ] hept - 5-yl ) net hanone.  13.
The met hod according to any of clains 1-12 wherein said conmpound is

conbined with an opiate or opioid analgesic. 14. The method according to any
of clainms 1-12 wherein said conpound is conbined with an anesthetic agent.
15. The net hod!hccokll methpdaedosding aclgimet wherewsnd @iwoURdesi ¢ agent is

propofol or a rltg ?ggﬁfo&gdla%(ﬁ 5. )H?fﬂﬂ(f)roaS ?z%rm;g)ﬁg ri ob 18 B rﬂ&[né”oﬁ of a

medi cament for eat nen respira ession In a patient’ in need
t hereof, said @@rmmuyulo[lzavl hg)téﬁ ah@qfi(@;al 3]-bénzocddiaze - Slq¢)m@dhangn¢ o formula A

O NX ~CHZ CH w
sul fur or A f&labwyaw Z lmt ?ﬁagﬁﬂéérﬁ]%“%ﬁg@wé ?b@ﬁﬁ P‘Pfié‘seg‘?r)(;ﬁgen

consistin of X -C NC2,
N R T

un-substituted or substitut ed, wherein: R is H -C-C6 branched or
-b hed al kyl h b t ted
un-branched a t%l V\ﬂ%ecmethgggcco?dlrl#gntosc ePlrSn § wHergm sg{d compound is:

[2,1,3]-Benzoxadiazol-5-yl(2-oxa-5azabicyclo[2.2.1]hept-5-yl)methanone.

13, The method according to any of claims 1-12 wherein said compound is

combined with an opiate or opioid analgesic.

14.  The method according to any of claims 1-12 wherein said compound is

combined with an anesthetic agent.

15, The method according to claim 14 wherein said anesthetic agent is

propofol or a barbiturate.

16. Use of a compound in the manufacture of a medicament for the treatment
of respiratory depression in a patient in need thereof, said compound having a chemical

structure according to formula A:

@]

CH.n CH,p
,Ni[x\\HLN’ TR
W
N -z R2
N Y~ /

E

A

wherein:

W is oxygen, sulfur or CH=CH,;
X, Y and Z are independently selected from the group consisting of -N, or -CR,

wherein:



substituted, nis 0, 1, 2, 3, 4, 5 mis 0, 1, 2, 3, 4, 5 pis O, 1, 2, 3,
4, 5 R2 and R3 are each independently selected fromH, a hal ogen (preferably
F), -CN, -N®&2, -OR, -SR, -NR2, CF3, OH, C=O a -Cl-C6 branched or
un-branched al kyl, which may be un-sufpstituted or substituted, a -C2-C6
branched or un-branched al kenyl, which''may be un-substituted or
substituted, a -C2-C6 branched or un-branched al kynyl, which nay be
un-substituted or substituted, a -C3-C7 cycloal kyl which may be
un-substituted or substituted, an aryl which nay be un-substituted or

subst i t ut 8ds H, Bhdtledfocyll NQhi-OR maR s -D& unCoiirshrprdied @r Ba-beamsksd t ut ed, a
car boxyal kyl which nmay be un-substituted or substituted, a carboxyaryl

whi ch maya%é]a WIS dprst Ber iy Bisiipted b shstitedd, a  car boxyheteroaryl whi ch may
be un-sub%g[teg,t_ed or substituted, a sulfonylal kyl which may be
un-substituted or substituted, a sulfonylaryl which may be un-substituted or
subst i t ut 8dis hr-Ca-Ggibrhorhgt betieboachdd alihil ethichanapée un-ssbdiguted at ed or
substituted, E and F are each independently selected from CH2Zm CR2R3, A,
CHzA, CResutRdtuted, are absent, with the proviso that E and F are not both
absent ; Oiiss qé;%g‘* , CH2A, CR2=CR3, CH2C=0, CH2CR2R3, or absent, A is O,
S, SO S8, (b: R3; or a pharmaceutically acceptable salt, solvate, or
pol ynor phntibereof 3, 4%. Use according to claim16 wherein said conpound has
the chem cal structure according to formula I: 48 O X CHzn CHzp NN W
NxY-:~' Z RBPGHzd RS Swherein: Wis oxygen, sulfur or CH=CH;

R?and R? are each independently selected from H, a halogen (preferably F), -CN, -NO»,
-OR', -SR, —NR12, CF;, OH, C=0, a -C1-Cg¢ branched or un-branched alkyl, which may
be un-substituted or substituted, a -C»-Cg branched or un-branched alkenyl, which may
be un-substituted or substituted, a -C»-Cg branched or un-branched alkynyl, which may
be un-substituted or substituted, a -C3-C7 cycloalkyl which may be un-substituted or

substituted, an aryl which may be un-substituted or substituted , a heterocycle which may
be un-substituted or substituted, a carboxyalkyl which may be un-substituted or
substituted, a carboxyaryl which may be un-substituted or substituted, a
carboxyheteroaryl which may be un-substituted or substituted, a sulfonylalky! which may
be un-substituted or substituted, a sulfonylaryl which may be un-substituted or substituted
or a sulfonylheteroaryl which may be un-substituted or substituted,

E and F are each independently selected from CH,m, CR2R3, A, CHxA, CR*=CR’ or are
absent, with the proviso that E and F are not both absent;

G is CR’R’, A, CH,A, CR*=CR?, CH,C=0, CH,CR’R?, or absent,

Ais 0, S, SO, SO, C=0 or CR’R’;

or a pharmaceutically acceptable salt, solvate, or polymorph thereof.

17. Use according to claim 16 wherein said compound has the chemical

structure according to formula I:



X, Y and Z are independently selected fromthe group consisting of -N, or
-CR, wherein: Ris H -Br, -d, -F, -CN, -N®2, -OR, -SRS, -NR 2, -Cl1-C6
branched or un-branched al kyl, which nay be un-substituted or substituted,
wherein: R is H, -C-C6 branched or un-branched al kyl which, may be
un-substituted or substituted, nis0O-38 mis 0 - 5 pis0-5 R2 and R3 are

i ndependently selected fromH, a halogen (preferably F), -CN, -N®2, -OR,
-SR, -NR12, CF3, OH, C=0O, a -Cl1-C6 branched or un-branched al kyl, which may
be un- substituted or substituted, a -C2-C6 branched or un-branched al kenyl,
whi ch may be un-- substituted or subst®tuted, a -C2-C6 branched or

un-branched al kynyl, which may be wn- JsubgitH;t gp or substituted, a -C3-C7
cycl oal kyl which may be un-s 't d sugstituted, an aryl which nay be
un-substituted or substituté{ , la he eroc% ich may be un-substituted
=N
U

or substituted, a carboxyal ky h mayR eciip-substituted or substituted,
a carboxyaryl which may be un-substituted or ‘substituted, a

car boxyhet eroaryl which may be un-substituted or substituted, a

sul f onyl alJkytkinhi ch may be un-substituted or substituted, a sul fonylaryl
whi ch may be un-substituted or substituted or a sulfonyl heteroaryl which
may be un¥Wsishsyganusefliror Csir6dt;i t ut ed, or a pharmaceutically acceptable

aher ei n s § BOASBAG REECT ARG o8 e g PRSP & oM PR Fo formila 11: O
CHzn CHzpyikinYRz CH2Zm Ra | | wherein:

R is H, -Br, -Cl, -F, -CN, -NO», -OR', -SR', -NR'5, -C -Cg branched or un-branched

alkyl, which may be un-substituted or substituted,

wherein:

R'is H, -C]-Cg branched or un-branched alkyl which, may be un-substituted or

substituted,

nis0-5

mis0-5

pisO-5

R%and R® are independently selected from H, a halogen (preferably F), -CN, -NO», -OR',
-SR', -NRIZ, CFs, OH, C=0, a -C1-Cg branched or un-branched alkyl, which may be un-
substituted or substituted, a -Cp-Cg branched or un-branched alkenyl, which may be un--
substituted or substituted, a -Cy-Cg branched or un-branched alkynyl, which may be un-
substituted or substituted, a -C3-C7 cycloalkyl which may be un-substituted or

substituted, an aryl which may be un-substituted or substituted , a heterocycle which may
be un-substituted or substituted, a carboxyalkyl which may be un-substituted or
substituted, a carboxyaryl which may be un-substituted or substituted, a
carboxyheteroaryl which may be un-substituted or substituted, a sulfonylalkyl which may
be un-substituted or substituted, a sulfonylaryl which may be un-substituted or substituted
or a sulfonylheteroaryl which may be un-substituted or substituted, or a pharmaceutically

acceptable salt, solvate, or polymorph thereof.



W X, Y and Z are as defined for structure | of claiml nis O - 5 ms0-5
pisO-4 and R2 and R3 are as defined for structure A or a pharmaceutically
acceptabl e salt, solvate, or polynorph thereof. 19. Use according to claim
16 wherein said conpound has the chem structure according to formul a
[11: O X CH2n CHzp ,li WN\ NR3 N z R2Y1C:I—|2mA 11 wherein: W X Y
and Z are as defined for structurel Ais 0, S SO S02, CGOor CRRR; nis
O-5 mst-5 pis 0- 5 and R2 and R3 are as defined for structure A of
claim16, or a gharmaceutlcally acceptable salt, solvate, or polynorph
thereof. 50 208. UsBsaawsordingiy damcloayharais saifepmpounskiag thoihseistd has t he

chem cal 0 oformula IV: O X* iCHzn CH2p Nz RNR3 2 W
e e B e TR
0
X ,CH,n CHop
W N\,gf%
\N/ 2z R2 R3
Y CH,m

W, X, Y and Z are as defined for structure I of claim 1

nis0-5

wherein:

mis0-5
pisO-4
and R? and R’ are as defined for structure A, or a pharmaceutically acceptable salt,

solvate, or polymorph thereof.

19.  Use according to claim 16 wherein said compound has the chemical

structure according to formula III:
2

W, X, Y and Z are as defined for structure |
Ais O, S, SO, SO,, C=0 or CR’R’;
nis0-5

wherein:

mis1-5
pis0-5
and R? and R’ are as defined for structure A of claim 16, or a pharmaceutically acceptable

salt, solvate, or polymorph thereof.



W X, Y and Z are as defined for structure |l Ais 0, S, SO S, C=0 or
CR2R3; n=1-5 nml-5 p=0-5 and R2 and R3 are as defined for structure A, or
a pharmaceutically acceptable salt, solvate, or polynorph thereof. 21. Use
according to claim16 wherein Wis 0;_X, Yand Z are CR, Ris H F, Br, d,
CN or NO2; Eis CHZmor CH2A; F is c¥m or CR2R3; R2 and R3 are H Gis
CH2A;, Ais 0O; mst; nis 0; and pis 1. 51 22. Use according to claim
16 wherein Wis O X, Yand Z are CR;, RisH E and F are CH2Zm G is CHA
Ais QO mst; nis 0; and pisl.

20.  Use according to claim 16 wherein said compound has the chemical

structure according to formula [V:

0]
CH,n CHyp
/N\ \\K[kN/ i R3
VV\ — /Z R2 /A
N™ Sy= CH,m
v

wherein:

W, X, Y and Z are as defined for structure [
Ais O, S, SO, SO,, C=0 or CR’R’;

n=1-5
m=1-5
p=0-5

and R? and R* are as defined for structure A, or a pharmaceutically acceptable salt,

solvate, or polymorph thereof.

21.  Use according to claim 16 wherein
W is O;
X,Y and Z are CR;
Ris H, F, Br, Cl, CN or NOy;
E is CH,m or CHyA;
F is CHym or CR’R’;
R*and R? are H;
G is CHzA;
Ais O;
misl;
nis 0; and

pisl.



23. Use according to claim16 wherein Wis O X, Y and Z are CR;, R sH E
is CH2ZA;, Fis CH2Zm Gis CH2A;, AIsO mis 1, nis 0; and pis 1. 24.
Use according to claim16 wherein Wis G X, Yand Zare CR Ris H Eis
CH2m F is CR2R3; R2 and R3 are H 52 Gis CH2A; AisO mst; nisO;and
pis 1. 25. Use according to claim16 werein said conmpound is:
8- Azabi cycl 0[ 3. 2. 1] oct-8-yl ([ 2, 1, 3] - benzoxadi azol - 5-yl ) met hanone;
8-([ 2,1, 3] -Benzoxadi azol - 5-yl car bonyl ) - 8- azabi cycl o[ 3. 2. 1] oct an- 3- one;
[ 2,1, 3] - Benzoxadi azol - 5-yl (3, 3-di fl uor o- 8-azabi cycl o[ 3. 2. |
] oct - 8-yl ) met &nondjse according to claim 16 wherein
endo-[ 2, 1, 3] - Benzox\?]di 6;0I -5-yl (3-hydroxy-8-azabi cycl o[ 3. 2. 1] oct - 8-yl ) net han
one; 15 L5
exo-[2, 1, 3] - Benzoxagdi@zpd 73:¢/€R3- hydr oxy- 8- azabi cycl o[ 3. 2. 1] oct - 8-yl ) et hano
ne;

Ris H;

E and F are CHom;
G is CHyA;

Ais O;

mis 1;

nis 0; and

pisl.

23.  Use according to claim 16 wherein
Wis O;
X, Y and Z are CR;
Ris H;
E is CH,A;
F is CHom;
Gis CHA;
Ais O;
mis 1;
nis 0; and

pisl.

24. Use according to claim 16 wherein
Wis O;
X, Y and Z are CR;
R is H;
E is CHym;
F is CR’R’;
R? and R’ are H;



2- Azabi cycl o[ 2. 2. 1] hept-2-y
| - Azabi cycl o[ 2.2.1] hept-I-y
2- Azabi cycl o[ 2. 2. 2] oct - 2-yI

I ([ 2, ,3 benzoxadi azol - 5-yl ) met hanone;

| ([ 2, 1, 3] - benzoxadi azol - 5-yl ) met hanone;

([ 2,1, 3] -benzoxadi azol - 5-yl ) met hanone; or

[ 2,1, 3] - Benzoxadi azol - 5-yl (5, 6-di chl or 9- 2- azabi cycl of 2. 2. 1] hept - 2-yl ) met hano
ne; 26. Use according to claim16 wheéXein said conpound is:

[ 2, 1, 3] - Benzoxadi azol -5-yl (3-fl uor o-8-azabi cycl o[ 3. 2. 1] oct - 2-en- 8-yl ) net hano
ne; 2-Azabicyclo[2.2.1]hept-5-en-2-yl([2,1,3}-benzoxadi azol -5-yl ) net hanone;
R- 2- Azabi cycl o[ 2. 2. 1] hept-5-en-2-yl ([ 2,1, 3] - benzoxadi azol - 5-yl ) net hanone; or
S- 2- Azabi cycl o] 2. 2.Qjh€HiA5- en- 2-yl ([ 2, 1, 3] - benzoxadi azol- 5-yl ) met hanone.

27. Use according to.claim16 wherein sald conpound is:

[2,1,3]- Benzoxadlaz%FS@ yl (2- oxa- 5azabi cycl o[ 2. 2. 1] hept - 5-yl ) net hanone.  28.
Use according to agx . clainms 16-27 wherein said conpound is conbined wth
an opi ate or opioid anadlgesic. 53 29. Use according to any of clains 16-27
wherein sai d conpound 0; sndconmbi ned w th an anesthetic agent. 30. Use
according to cIa|n129 mhereln said said anesthetic agent is propofol or a
bar bi t ur at e. pis

25.  Use according to claim 16 wherein said compound is:
8-Azabicyclo[3.2.1]oct-8-yl([2,1,3]-benzoxadiazol-5-yl)methanone;
8-([2,1,3]-Benzoxadiazol-5-ylcarbonyl)-8-azabicyclo[3.2.1]octan-3-one;
[2,1,3]-Benzoxadiazol-5-yl(3,3-difluoro-8-azabicyclo[3.2.1]oct-8-yl)methanone;
endo-[2,1,3]-Benzoxadiazol-5-yl(3-hydroxy-8-azabicyclo[3.2.1]oct-8-yl)methanone;
exo-[2,1,3]-Benzoxadiazol-5-yl(3-hydroxy-8-azabicyclo[3.2.1]oct-8-yl)methanone;
2-Azabicyclo[2.2.1]hept-2-yl([2,1,3-benzoxadiazol-5-yl)methanone;
1-Azabicyclo[2.2.1]hept-1-yl([2,1,3]-benzoxadiazol-5-yl)methanone;
2-Azabicyclo[2.2.2]oct-2-yl([2,1,3]-benzoxadiazol-5-yl)methanone; or
[2,1,3]-Benzoxadiazol-5-yl(5,6-dichloro-2-azabicyclo[2.2.1]hept-2-yl)methanone;

26.  Use according to claim 16 wherein said compound is:
[2,1,3]-Benzoxadiazol-5-yl(3-fluoro-8-azabicyclo[3.2.1]oct-2-en-8-yl)methanone;
2-Azabicyclo[2.2.1]hept-5-en-2-yl([2,1,3]-benzoxadiazol-5-yl)methanone;
R-2-Azabicyclo[2.2.1]hept-5-en-2-yl([2,1,3]-benzoxadiazol-5-yl)methanone; or
S-2-Azabicyclo[2.2.1]hept-5-en-2-yl([2,1,3]-benzoxadiazol-5-yl)methanone.

27. Use according to claim 16 wherein said compound is:

[2,1,3]-Benzoxadiazol-5-yl(2-oxa-5azabicyclo[2.2.1]hept-5-yl)methanone.

28.  Use according to any of claims 16-27 wherein said compound is combined

with an opiate or opioid analgesic.
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29.  Use according to any of claims 16-27 wherein said compound is combined

with an anesthetic agent.

30.  Use according to claim 29 wherein said said anesthetic agent is propofol

or a barbiturate.





